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ABSTRACT 
 
Children with Autistic Spectrum Conditions (ASC) experience difficulties in critical areas of 
social communication and facial emotion recognition (FER) deficits are argued to underlie these 
social impairments. Currently available interventions to teach FER to ASC children see gains 
that are often limited to improved recognition of emotions from taught stimuli only (faces used in 
the interventions). These interventions fail to resolve the problem of enabling distant 
generalisation (the transference of acquired skills to real life situations) in ASC. This thesis 
enabled the design and evaluation of an innovative serious game, Emotiquest, to improve the 
basic FER abilities of young ASC children. Emotiquest uniquely capitalises on three known 
preferences and strengths of people with ASCs (i.e., the synthetic (cartoon) face advantage, 
hyper-discrimination ability and hyper-systemising cognitive style) in order to remove a potential 
barrier to learning (training solely with human faces) and apply a potential facilitator to learning 
by incorporating discrimination and categorisation training strategies.   
The pre-post intervention evaluation study investigated the effect of using Emotiquest for 12 
weeks by comparing the FER scores of ASC children who played the game with ASC children 
who did not. Results demonstrated improved FER for children who played the game compared 
to the ASC control group. Furthermore, generalisation of acquired FER skills to faces not 
included in the game was evident. Results suggest that the combination of discrimination 
training strategies and a tri-stimulus approach (training with synthetic and human faces) via a 
serious game, collectively improves FER in ASC children. The study’s limitations are discussed 
along with suggestions for future work.  
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CHAPTER ONE 
INTRODUCTION 
 
Autism Spectrum Conditions (ASC) (hereafter referred to as ASC or autism), estimated to affect 
1.5% of the population (ADDM, 2014) are pervasive neurodevelopmental disorders 
characterised by two key areas of atypical development; impaired social 
communication/interaction and restricted behaviour and activities (American Psychiatric 
Association (APA), 2013). ASC is more common in boys than in girls (Brugha, 2009) and affects 
all ethnicities (Mandell, Listerud, Levy, & Pinto-Martin, 2002).  
 
ASC is a spectrum condition, with great variance in the range of behavioural expression, degree 
of severity of the diagnostic characteristics and intellectual capabilities (Wing, 1998). For 
example, an ASC individual at the lower functioning end of the spectrum may present with 
limited functional speech and below average intelligence (Howlin,1998), whereas at the other 
end of the spectrum, high functioning (HF) ASC describe those more cognitively able autistic 
individuals with average or above average intelligence and sometimes, typical language 
development (Ozonoff, Rogers & Pennington, 1991).  Regardless of cognitive ability, severe 
difficulties in reciprocal social communication have been acknowledged as a central 
characteristic of ASC since Leo Kanner first described autism in the early 1940s (Kanner, 
1943). Eighty years of research have served to corroborate Kanner’s early clinical observations 
and as such, socio-communicative impairments remain a key feature of diagnostic 
classifications to this day (APA, 2013).  In his seminal paper, Kanner described a group of 
children as presenting with disturbed affective contact after observing that these children were 
socially withdrawn, did not spontaneously initiate social interactions with peers and showed a 
preference for interacting with objects rather than other people. Kanner also reported delayed 
speech development, atypical means of communication (echolalia) and difficulties in 
understanding non-literal utterances in this group of children. Likewise, according to the 
American Psychiatric Association (APA, 2013), ASC individuals struggle to develop 
relationships with peers, show reduced engagement with others during play or social 
interactions and have deficient social skills in general (such as engaging in social reciprocity, 
observing personal space, sharing and turn taking).  It is important to understand however, that 
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the severity or expression of social interaction difficulties should not be viewed as homogenous 
across the spectrum. Although all individuals on the spectrum present with social interaction 
atypicalities, behavioural manifestations of this core deficit in ASC, like cognitive profile, are 
highly heterogeneous. For example, whereas one ASC child may fail to initiate or respond to 
social interactions, thus appearing indifferent to others, another ASC child, whilst still not 
spontaneously initiating interactions may respond to social advances and enjoy doing so. The 
heterogeneity does not end there however! Yet another child with an ASC diagnosis may 
actively seek out social interactions yet struggle with social reciprocity, appear odd and 
egocentric during social exchanges and fail to consider the responses from the person they are 
interacting with, effectively engaging in a one-way interaction. There are also children on the 
autistic spectrum who have the desire to connect with others socially but their interaction style 
appears overly formal, stilted and unnatural (Wing, 1988).  
 
Individuals with ASC also experience difficulties in critical areas of social communication 
including the expression and interpretation of both verbal and non-verbal communication. Again, 
there is great variance in the manifestations of social communication problems across the 
spectrum. Some ASC individuals have no speech at all whereas others are extremely articulate 
and have extensive vocabularies. In all cases however, social communication is atypical and 
problematic. Verbal ASC individuals present with pedantic or atypical toned speech (Lobar et 
al., 2008) and whilst vocabulary and syntax abilities can develop typically in ASC (especially in 
the case of HF ASC), when an appreciation of social context is required, such as when 
interpreting pragmatic and non-literal language (e.g. sarcasm, metaphors), problems are 
evident, regardless of cognitive profile (Loukusa & Moilanen, 2009; MacKay and Shaw, 2004). 
The meaning of an utterance can differ significantly from one situation to another. In these 
situations, there is a need to utilise the social context of the utterance in order to infer its 
communicative intent in order to respond appropriately. The ability to interpret communicative 
intent from speech is impaired in ASC and this is argued to be due to difficulties in taking 
account of the social context of the verbal exchange and a lack of appreciation of the 
interlocutor’s internal state (thoughts, feelings, intentions) (Loukusa & Moilanen, 2009). 
 
3 
 
Individuals with ASC also experience considerable difficulties in critical areas of non-verbal 
social communication and emotional competence. There is an impaired ability to recognise and 
express emotion during social interactions, and these difficulties are argued by some to underlie 
the social impairments that characterise the condition (Begeer et al., 2008; Dawson, Webb & 
McPartland, 2005; Golan & Baron-Cohen, 2006; Schultz, 2005).  Deficient emotion recognition 
(ER) abilities prevent the ASC individual from both appreciating the social context of the 
interaction (understanding intentionality, desires, emotions etc. by failing to interpret the mind-
set of the interlocutor) and exploiting this information in order to respond in a socially acceptable 
manner (Golan & Baron-Cohen., 2006; Grelotti, Gauthier & Schultz, 2002; Hobson, 1993; Klin et 
al., 2002). This diminished ability to intuitively decode non-verbal, social cues such as gestures 
and facial expressions, all critical contextual clues to social understanding, affects all people on 
the spectrum to some degree and is independent of cognitive profile.  The consequences of this 
are profound.  The ASC individual lives in a confusing social world, devoid of relevant context 
and as a result, there are difficulties in predicting the intentions, feelings and thoughts of others 
(Baron-Cohen, 1995; Golan, Baron-Cohen & Hill, 2006; Hobson, 1993).  Despite the desire for 
satisfying interpersonal relationships (Hauck et al., 1995; Hintzen et al., 2010), this lack of 
sensitivity to the emotional and intentional states of others, a capability that normally develops 
in the first few years of life (Baron-Cohen, Leslie & Frith, 1985) can lead to social exclusion and 
extreme difficulties in both forming and maintaining friendships and in accessing and sustaining 
education and employment (Howlin, 1997).   
 
In addition to the core features of ASC (which must be present in order for a diagnosis to be 
made), a number of other features are also characteristic of ASC. Co-morbid anxiety disorders 
are often a problem in ASC, especially amongst children and adults without intellectual 
disability. For example, van Steensel, Bogels and Perrin (2011) found that 40% of ASC children 
presented with anxiety disorders when the cohort included both low and high functioning 
children. However, when ASC children with co-morbid intellectual disability were excluded from 
the cohort, rates of co-morbid anxiety increased exponentially with studies reporting rates of 
anxiety amongst high functioning ASC children as high as 84% (Kim et al., 2000; Muris et al., 
1998). Children with average or above average intelligence have increased awareness of their 
own differences, impairments and social limitations and this can lead to high levels of stress and 
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anxiety (Niditch et al., 2012). Other non-core symptoms associated with ASC include eating and 
food problems (Vissoker, Latzer & Gal, 2015), sensory hypersensitivity and difficulties with 
multisensory processing (Baum, Stevenson & Wallace, 2015; Lord, 1995;), clumsiness, 
awkward gait, co-morbid dyspraxia (Lobar et al., 2008) and deficient cognitive skills such as 
poor cognitive flexibility, difficulties with planning and impaired memory and attention (Kercood 
et al., 2014). In addition, behavioural and emotional problems including hyperactivity (de Bruin 
et al., 2007), conduct problems (Simonoff et al., 2008) and anger and sleep disturbances 
(Maskey et al., 2013) are highly prevalent in ASC children. Difficulties with everyday social and 
occupational functioning is compounded further with the high incidence of psychiatric co-
morbidity observed in ASC. Among these conditions are schizophrenia and obsessive-
compulsive disorder (Billstedt, 2000), attention deficit and hyperactivity disorder (Green, 
Berkovits & Baker, 2015), disruptive mood dysregulation disorder (Mayes et al., 2015), epilepsy 
(Steffenburg, Steffenburg & Gillberg, 2003) and depression and mood disorders (Matson & 
Williams, 2014; Mazzone et al., 2013). Although correlations have been identified between 
symptoms of these co-morbid conditions and the negative factors associated with the diagnostic 
symptoms of ASC (Cappadocia, Weiss & Pepler, 2012; Kim et al., 2000), to date, the 
foundations of these co-morbidities remain unclear. 
 
Traditionally, ASC research has focussed on what could be described as a deficit model of 
autism, with research attempting to describe, explain and remediate or rectify the difficulties and 
impairments experienced by those on the spectrum. However, more recently, theorists have 
begun to turn their attention towards a more positive model of ASC; one which focuses on 
describing and explaining the strengths and islets of ability commonly identified within this 
population.  There is a growing body of evidence, which suggests that ASC individuals often 
exhibit cognitive and perceptual strengths and superiorities in a number of domains (Bennett & 
Heaton, 2012; Howlin et al., 2009). For example, ASC individuals are often described as being 
hyper-systemisers; that is, they appear to have a superior capacity for logical thinking and are 
adept at analysing, manipulating and constructing systems (Baron-Cohen, 2008). Furthermore, 
ASC individuals have been found to have superior low-level perceptual processing capabilities 
(from feature detection through to pattern recognition) in both visual and auditory modalities 
(Boucher, 2009).  Support for this assertion has been provided by a series of investigations, 
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which demonstrated an enhanced ASC ability in perceptual tasks involving discrimination and 
visual search (Plaisted, O’Riordan & Baron-Cohen, 1998a,b) and detection, matching, memory 
and reproduction (Caron et al., 2006). 
 
The heterogeneity of the symptom profile of ASC has led to many conceptual shifts since its first 
clinical description by Kanner in 1943. Currently, the diagnostic criteria are behavioural and the 
most recent modification of diagnostic criteria and redefinition of the term ASC is outlined in the 
2013 publication of the DSM-5 (APA, 2013).  From 1994-2013, ASC was split into four distinct 
subdiagnoses; Autistic Disorder (AD), Asperger Syndrome (AS), Pervasive Developmental 
Disorder Not Otherwise Specified (PDD-NOS) and Disintegrative Disorder (DD). These 
previously held subcategories have since been eliminated under the new classification system 
of the DSM-5 and now all fall under the umbrella term of ASC as a singular diagnostic category. 
This shift reflects the desire of the clinical and research community to improve diagnosis, better 
describe symptomology and better differentiate ASC from typical development and other 
atypical developmental disorders (McPartland, Reichow & Volkmar, 2012). The focus has 
shifted away from differentiating subtypes of ASC and moved towards distinguishing symptom 
severity, enabling more effective and tailored therapeutic interventions. Changes to the 
taxonomic structure of ASC was not the only revision seen in the DSM-5. The traditional triad of 
symptoms (social impairments, communication impairments and atypical behaviours) as 
specified in DSM-4, have since been reduced into two domains; social/communication 
interaction deficits (including poor eye contact, deficient joint attention and impaired verbal and 
non-verbal communication) and restricted repetitive behaviours (RRB) (which encompass motor 
stereotypies such as repetitive motor movements and adherence to self-imposed routine and 
preoccupations with objects of interest). The reduction of three domains into two is reflective of 
a re-emphasis on the socio-emotional impairments inherent in ASC. This re-emphasis also 
becomes apparent in the DSM’s shift from a polythetic approach (requiring some but not all 
symptoms to be present) to a monothetic approach (all criteria must be met for diagnosis) in the 
socio-communicative domain.  
 
The profound implications of socio-emotional impairments have led to the development of a 
number of interventions aimed at addressing social and communicative deficits including those 
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that aim to improve critical emotion recognition skills.  Although evaluation studies (Baron-
Cohen et al., 2004; Golan et al., 2010; Silver & Oakes, 2001) have reported significant 
improvements in ER abilities, gains are often limited to improved recognition of emotions from 
variations of taught stimuli (faces and voices used in the interventions).  These interventions 
failed to resolve the problem of enabling distant generalisation (the ability to transfer acquired 
skills to real life situations) in ASC.  Although research has gone a long way towards developing 
successful strategies to teach socio-communicative skills to those with ASC, are these 
interventions truly fruitful if we fail to overcome the generalisation problem characteristic of 
ASC? 
 
To date, a range of pen and paper and, more recently, multi-media computer delivered 
interventions have been developed (Baron-Cohen et al., 2004; Bolte et al., 2002; Silver & 
Oakes, 2001). This latter approach now dominates because ASC individuals experience 
difficulties screening out unnecessary sensory information (Rutter & Schopler, 1987) and have a 
need for the sameness and predictability that computer programs can offer (Baron-Cohen, 
2008).   However, this is not the only affordance research-driven technologies can offer to 
autistic learners. For interventions to have any chance of being successful, learners must 
engage with and attend to the training materials (Moore & Calvert, 2000). Recent findings have 
verified that computer use is prolific in ASC (Mineo et al., 2009; Orsmond & Kuo, 2011; Shane & 
Albert, 2008) and that computer assisted learning technologies are effective in enhancing both 
motivation and attention in ASC learners (Hetzroni & Tannous, 2004; Moore & Calvert, 2000; 
Silver & Oakes, 2001).  Furthermore, computer delivered interventions negate the need for the 
ASC learner to engage in social reciprocity and interactions with a teacher/trainer (skills that are 
impaired in ASC) and thus allow them the freedom to focus primarily on the training materials 
without distraction.  The computerised ER training tools currently available and on the market, 
i.e. Mindreader (Baron-Cohen et al., 2004) and FaceSay (Hopkins et al., 2011), were designed 
to integrate the basic features identified as necessary to encourage ASC users to engage with 
the training and persist with its use (Howlin, 1998). However, more recently the benefits of 
serious games, computer delivered games, which merge learning and motivational theories with 
game design, have been successfully utilised to deliver educational and health interventions 
(Kato et al., 2008). Serious games incorporate a number of principles that, collectively, lead to 
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enhanced motivation and generalisation of skills to novel settings. Although this new approach 
to intervention has not yet been fully embraced by the ASC research community, interventions, 
which have adopted some of the principles of serious games, have demonstrated some degree 
of success (Hopkins et al., 2011; Tanaka et al., 2010). The only serious game identified from a 
literature search, which aims to remediate social behaviours and facial emotion recognition 
(FER) deficits in ASC, has demonstrated that this mode of delivery is effective for remediating 
some impairments in ASC (social behaviours) (Beaumont & Sofronoff, 2008b). However, FER 
impairments were not amenable to remediation, potentially because the specific strategies 
employed within the medium were not effective. Therefore, although serious games are 
effective for remediating impairments in ASC, they are not sufficient. It is suggested here that 
future serious games should focus on ways to boost motivation and generalisation whilst 
ensuring the teaching strategies embedded within them are guided by theory in order to be 
effective. Integrating theory driven FER remediation strategies (capitalising on the known 
preferences, perceptual strategies and superiorities in ASC) into a serious game format, which 
affords both motivation and generalisation benefits, is potentially the best way to enhance FER 
in ASC children.   
 
In addition to the mode of training delivery, the majority of interventions have also failed to 
consider a potential barrier to engagement and learning with the software. They all use human 
actors/faces, despite the body of research that consistently demonstrates that the perceptual 
and neural processes of ASC individuals that occur in response to human faces are atypical 
and could be a major contributing factor to the FER difficulties they face. This could be one 
possible reason why any FER gains achieved with these training programmes have been found 
to be limited to minor variations of taught stimuli only; there is limited or no transfer of acquired 
FER skills to novel faces or real life social situations (Baron-Cohen et al., 2004; Bolte et al., 
2002; Golan & Baron-Cohen, 2006). In contrast to human faces, synthetic (cartoon like) faces, 
which naturally appeal to ASC children, have been found to normalise the neural activation 
patterns (Grelotti et al., 2005), perceptual strategies (Rosset et al., 2008) and gaze behaviour 
(van der Geest et al., 2002b) of individuals diagnosed with ASC. These findings collectively 
suggest that cartoon faces may hold the same special social, affective and cognitive relevance 
that human faces hold for typically developing individuals and elicit neurological activity similar 
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to that accompanying processing of human faces by non-ASC individuals (Grelotti et al., 2005).  
Given this, it could be considered crucially important to integrate them into any ASC therapeutic 
package, which involves the processing and decoding of facial affective signals. 
 
As highlighted previously, when designing FER interventions for ASC children, it is not enough 
to consider only the mode of training delivery and the training materials used. There is also a 
need to ensure the training strategies embedded within the intervention are empirically valid 
(e.g. there is evidence that the chosen strategies effectively teach the targeted skills) and 
appropriate for ASC children. It is argued here however that in order to provide optimal learning 
conditions, we should also include training strategies that capitalise on the end-user’s (in this 
case, ASC children) learning style and particular strengths. To date, the only attempts to do this 
are Mind Reader (Baron-Cohen et al., 2004), a library type resource, and the Transporters 
animation series (Golan et al., 2009), both of which were designed and structured to capitalise 
on the systemising strengths of ASC individuals in order to remediate FER impairments. 
However, following a comprehensive literature search, it was surprising to find that no FER 
intervention had been designed to include training strategies that capitalised on the visual 
perceptual superiorities of ASC. As mentioned previously, ASC individuals have hyper-
discrimination abilities (O’Riordan & Plaisted, 2001; Plaisted et al., 1998a,b) and therefore, it 
would be logical to capitalise on this ability by including discrimination strategies that allow the 
ASC child to focus on the differences and similarities that exist between emotional expression 
exemplars in order to learn them. Not only is discrimination training particularly relevant for 
ASC, due to their perceptual atypicalities, there is also evidence to suggest that this technique 
improves memory for stimuli (Markman & Gentner, 1997; Oakes, Kovack-Lesh & Horst, 2009) 
and has been found to be an effective strategy for teaching FER to other clinical populations 
(Frommann, Streit & Wolwer, 2003; Grinspan, Hemphill & Nowicki, 2003). Based on the above, 
it is suggested here that an intervention incorporating discrimination training is an ideal strategy 
for enhancing FER in ASC children. 
1.1. Study aims and objectives 
The aim of the current research project therefore was to design and implement a new 
innovative, computer-based skill-focussed intervention, Emotiquest (see Chapter Eight), to 
improve the basic FER abilities of young children with a diagnosis of ASC.   
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The above aim was accomplished by fulfilling the following research objectives:  
• Review the literature on the superior and spared abilities of those on the spectrum, 
considering the differential ways in which ASC children perceive their world. 
• Design the intervention specifically to suit ASC learning styles. Emotiquest uniquely 
capitalises on three known preferences and strengths of people with ASCs (i.e., the 
synthetic (cartoon) face advantage, hyper-discrimination ability and hyper-systemising 
cognitive style). In addition, in light of the exciting multi-disciplinary findings from the 
serious game literature, Emotiquest is the first ever development of an ASC serious 
game that attempts to; 1) remove the potential barrier to ER learning that human faces 
present to those with ASC by including three different classes of (fully-validated) facial 
stimuli: a) emoticon faces (graphics which are simple and invariable, minimising 
distractibility and intensifying focus on critical face regions); b) computer-generated 
cartoon faces (slightly more variability, complexity and ecological validity) and; c) 
photographs of human faces (vital for any FER training if there is any possibility of 
generalisation of learned skills to real life social situations). At the same time, this is the 
first FER training tool to recognise and apply a potential facilitator to learning by 
incorporating discrimination and categorisation training strategies. 
• A pre-post performance intervention evaluation study measured whether these 
strategies can, collectively, improve FER in ASC.   
 
1.2. Thesis hypotheses 
 
It is hypothesised that FER gains can be achieved by a combination of; 
1. Incorporating novel training strategies (discrimination) that capitalise on the enhanced 
perceptual abilities of this clinical population. 
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2. Using training stimuli (synthetic) that specifically exploit the autistic child’s aesthetic, 
perceptual and social preferences.  
 
3. Using a tri-stimulus (emoticon > cartoon > human) approach to FER training to 
encourage generalisation. 
 
4. Delivering training via a serious game (Emotiquest) to further encourage motivation and 
generalisation. 
 
1.3. Thesis studies 
The thesis presented here describes four bodies of work conducted in order to develop and 
evaluate Emotiquest as a FER remediation tool for ASC children and are briefly summarised 
below. 
 
Study One: Acquisition, development and validation of facial training stimuli to meet the 
aims of the intervention (see Chapter Seven) 
In order to develop any novel FER intervention for ASC children, appropriate collections of facial 
affect stimuli must be located, accessed, evaluated for suitability and subsequently incorporated 
as training materials. Stimuli collections can however only be deemed suitable if their features 
and qualities serve the specific training strategies and objectives of the new intervention.  Whilst 
current compilations (Ekman & Friesen, 1975; Golan & Baron-Cohen, 2006; Gur et al., 2002; 
Tottenham et al., 2009), collectively offer the academic community a reasonably comprehensive 
array of facial affect stimuli for numerous research needs, including their application in a training 
context; the way in which these collections have been compiled to meet very specific research 
or application needs, limits their suitability for future projects, including Emotiquest. Following an 
extensive literature search, it was concluded that currently available collections of facial affect 
images were unsuitable for use in Emotiquest as they all lacked a number of features critical for 
the satisfactory delivery of the proposed training strategies/aims. Three features, required by 
Emotiquest, but not available from existing collections of pictures of facial affect were identified;  
1. Validated images of affect communicated by synthetic faces. 
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In order to allow the inclusion of emotionally expressive synthetic faces in the 
intervention, three classes of validated facial stimuli were required. Images of facial 
affect communicated by emoticon characters, computer generated cartoon (CGC) 
characters and human actors were necessary for the delivery of the tri-stimulus 
approach to training.  
 
2. Full range of basic emotions portrayed by the same face. 
Since Emotiquest incorporates discrimination and categorisation training strategies, the 
emphasis is on teaching the similarities and differences between different emotional 
expressions (e.g. angry vs. sad). In order to teach these differences and similarities, 
person-specific facial feature differences (face shape, placement and size of facial 
features, skin texture etc.) should, in the early stages of training, be eliminated. Allowing 
the child the opportunity to appraise different emotions presented by the same face 
would allow for focus to be concentrated on emotion specific differences only. 
 
3. Different exemplars (intensities) of each basic emotion.  
Emotiquest is designed to ensure a granular approach to training whereby latter stages 
of the intervention are more challenging than the earlier stages. As such, a number of 
displays (low and high intensities) of the six basic emotions from identical faces in all 
three stimuli classes were required.   
 
As such, the BARTA, (University of Bolton Affect Recognition Tri-Stimulus Approach), was 
developed and validated in order to supply Emotiquest with face stimuli that specifically met the 
objectives of the training package.    
 
Study Two: Intervention usability study (see Chapter Nine) 
The purpose of this study was to evaluate the design, acceptability and usability of an 
abbreviated version of the intervention (prototype) to ensure the final version of the serious 
game is enjoyable to play, that it runs smoothly (with no programming faults) and that it is 
understood by its target audience (primary school aged children with a diagnosis of HF ASC). 
12 
 
The results of this study were therefore used to inform future iterations of the serious game 
which led to the development of the final version of Emotiquest.   
 
Study Three: Development and validation of measures of FER ability (see Chapter Ten) 
This study enabled the researcher to validate two new measures of FER abilities (The BARTA 
pre and post tests) in terms of their sensitivity to discriminate ASC and non-ASC groups of 
children. Data from the BARTA pre-post tests allow an investigation into whether the impaired 
capacity of some children with ASC to recognise, identify and understand emotions from human 
faces is carried over to simplistic (emoticon) and more realistic (computer-generated cartoon) 
faces also. 
Study Four: Emotiquest evaluation study (see Chapter Eleven) 
The aim of this study was to evaluate the effectiveness of the final modified version of 
Emotiquest in order to determine 1), whether the systematic implementation of the training 
strategies incorporated can improve subsequent recognition of basic emotion exemplars used in 
the game and 2) to determine whether these strategies can facilitate generalisation of newly 
acquired FER skills to novel (unfamiliar) faces. To enable this, the intervention evaluation study 
investigated the effect of using the serious game by comparing the FER scores of a group of 
ASC children who played the game with a group of ASC children who did not play the game. 
Two levels of generalisation were assessed; local (i.e., a comparison of scores achieved when 
identifying emotions in faces used as training materials in the game) and distant (a comparison 
of scores achieved when assigning correct emotion labels to novel (non-game) faces).  
The evaluation study will highlight whether Emotiquest is effective in teaching FER to young 
ASC children; 
• Pre-Post intervention analyses will highlight whether Emotiquest (discrimination 
training + tri-stimulus approach + serious game delivery) enhances ASC 
children’s FER abilities and facilitates transfer of these skills to novel faces 
(generalisation of skill). 
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• Pre-Post intervention analyses will also highlight whether the ASC impaired 
ability to recognise facial affect communicated by human faces, carries over to 
cartoon faces. Furthermore, it will allow elucidation of the differential ASC FER 
abilities for emoticon, CGC and human faces. 
 
Taken together, these findings will provide further evidence of the benefits of using 
discrimination strategies to enhance iconic memory, further our understanding of the benefits 
associated with the recruitment of synthetic characters in ASC training contexts and provide 
further insights into the potential serious games can offer the ASC applied research community. 
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CHAPTER TWO 
THEORETICAL ACCOUNTS OF ASC 
 
Two neurocognitive theories provide explanations for the FER difficulties in ASC. The theory of 
mind (ToM) deficit hypothesis (and subsequently the ES theory) has long been advocated by 
theorists as underlying the ER difficulties suffered by ASC individuals. Since ToM capacity has 
been found to correlate with ER abilities (Heerey, Keltner & Capps, 2003), it is posited that a 
deficient ToM accounts for ER difficulties (Baron-Cohen, 2000). Conversely, the weak central 
coherence (WCC) theory (and the subsequent enhanced discrimination/reduced generalisation 
theory) offers that differential information processing biases lead to less effective socio-
emotional processing. These theories are reviewed below along with an attentional and 
motivational theory, which suggests that attentional biases lie at the heart of ER deficits in ASC.  
2.1. Theory of Mind (ToM) hypothesis 
The most extensively studied neurocognitive model of ASC is the ToM deficit hypothesis. The 
idiom, “theory of mind”, (Premack & Woodruff, 1978) describes the human ability to impute 
mental states (beliefs, desires, intentions, emotional states) to oneself and others in order to 
predict and explain their motives and behaviours (Frith, 1989). ToM therefore describes the 
higher-level cognitive processes associated with reasoning about the mental states of oneself 
and others. The ability to form meta-representations of another person’s mental state, and 
crucially, recognising that the minds of others are distinct from our own, is critically important 
when navigating our complex social world. Imputing these non-physical, privately held, 
subjective and flexible mental states to others allows us to adjust our own behaviours and 
enables us to understand why others behave in a certain way (Baron-Cohen et al., 1985).  
Typically, basic ToM capabilities are very early emerging. It appears humans are born with an 
innate drive to relate to and understand other people. Infants show a special interest in the 
faces of other people (Goren, Sarty & Wu, 1975; Johnson & Morton, 1991) and, during their first 
year, gain an appreciation that people are capable of independent action whilst also being 
susceptible to influences of others around them (Flavell, 1999). During their second year, 
typically developing children demonstrate an ability for triadic joint attention (Tomasello et al., 
2005) whereby they can attend to objects of interest with other agents and crucially, are aware 
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of this element of shared attention. These shared experiences with another person allow them 
to learn about intentions and emotional responses of others and provides an understanding of 
the relationships between themselves, others and the environment. By three to five years of 
age, there is an appreciation of the causal relationship between mental states and resultant 
behaviour (Wimmer & Perner, 1983). It is around this age that children begin to recognise the 
concepts of desire and intentionality and appreciate that another’s beliefs may differ from their 
own. At this point in development, children are considered to have an intact ToM. For example, 
typically developing four year olds appreciate that another person’s beliefs (some of which may 
be false or distorted) are based on that person’s experiences of the world at a given moment in 
time and that these beliefs can therefore differ from their own (Wellman & Lagattuta, 2000; 
Wimmer & Perner, 1983).   
Evidence for ToM deficits in ASC have come from empirical studies employing a variety of tests. 
The false belief paradigm involves scenarios requiring the child to view the world from the 
perspective of a naive protagonist; effectively ignoring their own informed knowledge of a 
situation to predict how the protagonist will behave. In their landmark study, Wimmer and 
Perner (1983) presented typically developing children with an unexpected transference task 
whereby they viewed a protagonist placing chocolate in a kitchen cupboard and then leaving the 
room.  Whilst the protagonist was absent from the room, they then witnessed an agent moving 
the chocolate to another location. The children were required to indicate where the protagonist 
would look for the chocolate on his return.  Children under the age of four indicated that the 
protagonist would look for the chocolate in its correct location, demonstrating that they did not 
appreciate that the protagonist’s reality differed from their own. Children over the age of four 
however demonstrated an awareness that the protagonist’s view of the scenario (false) differed 
from their own (true) and successfully indicated that the protagonist would look for the chocolate 
in the original location.   
Formal empirical testing of ASC individual’s ToM capacity elucidates that they do not share the 
same developmental trajectory for the acquisition of ToM skills as typically developing 
individuals and that this is the case across the spectrum regardless of intellectual capacity 
(Baron-Cohen, 1989; Baron-Cohen, Leslie & Frith, 1985; Happe, 1994; Jolliffe & Baron-Cohen, 
1999; Kaland et al., 2007; Senju et al., 2010).  Notably, the social cognitive ability to attribute 
false beliefs to another person appears disturbed in ASC. Baron-Cohen, Leslie and Frith (1985) 
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demonstrated that despite a HF ASC group of children being older and having a higher mental 
age (>five) than Down’s Syndrome and typically developing comparison groups, only four of the 
twenty ASC children passed a simplistic false belief task whereas 86% of children with Down’s 
Syndrome passed the false belief task with similar results yielded in the typically developing 
group. Baron-Cohen and colleagues (1985) proposed that the poor performance in the ASC 
group was due to their inability to impute mental states to others. These findings promoted 
excitement in the ASC research community and led to a large number of replication studies 
which acted to corroborate the claim that whilst typically developing children typically pass false 
belief tasks around the age of four and non-ASC learning disabled children pass these tasks at 
a mental age of five, this is not the case for ASC children (Happe, 1995; Leekam & Perner, 
1991; Perner et al., 1989; Senju et al., 2010). Research findings consistently show that although 
ASC children do develop the capacity to attribute false beliefs to others, development of this 
ability is atypical and delayed and not usually apparent before the child reaches a verbal mental 
age of around 9:2 years (Happe, 1995).  
Since ToM develops with age in both non-ASC and ASC children (albeit on a different 
developmental trajectory), researchers refocussed their attention on a more developmental 
approach to studying ToM in ASC. New approaches were also considered crucial given the 
findings that although the majority of ASC children were unable to pass false belief tasks, a 
minority of children in every study, including those who participated in Baron-Cohen et al.’s 
(1985) landmark study (20%), were able to pass the task, which raised questions as to the 
universality of ToM deficits in ASC.   More cognitively able HF ASC children can successfully 
complete false belief tasks and this has been explained in terms of their higher IQ and intact 
language abilities (Happe, 1995).  It is proposed that, unlike non-ASC children, HF ASC children 
who pass false belief tests do not do so intuitively, but instead apply compensation strategies 
such as heavy reliance on the verbal content on the task (Tager-Flusberg, 1993) or by applying 
logic (Frith & Frith, 2003). As such, new paradigms and tasks designed to tap into a wider range 
of ToM components and to test ToM impairments in older ASC individuals and those with higher 
cognitive ability were developed. 
False belief inference is not the only way to test ToM capacity. The meaning of a social 
exchange utterance can differ from one situation to another and the mental state of the speaker 
must be inferred and contextually integrated to determine the meaning of the verbal 
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communication. As such, a ToM is required when interpreting pragmatic and non-literal 
language (e.g. sarcasm, irony, deception, non-explicit requests, etc.). The capacity to interpret 
communicative intent has been found to be significantly impaired across the ASC spectrum and 
one well validated advanced ToM test, the Strange Stories task (Happe, 1994), has consistently 
demonstrated that this is due to their difficulties in understanding of the interlocutor’s internal 
state. This task presents participants with a series of naturalistic vignettes describing everyday 
situations where a character says things they do not mean (e.g. telling lies, using a figure of 
speech, joking). Participants are required to explain why the speaker said what they did. In line 
with the ToM deficit hypothesis, studies have shown that HF ASC children, adolescents and 
adults are significantly impaired on this task compared to matched (chronological age and 
verbal mental ability) non-ASC controls (Happe, 1994; Jolliffe & Baron-Cohen, 1999; Kaland et 
al., 2007). 
ToM tasks relating specifically to the interpretation of emotional signals also provide evidence 
for abnormal ToM development in ASC. In social situations, we make immediate, intuitive 
judgements of an individual’s mental state by appraising their facial expressions, tone of voice, 
gestures and body language. Since the eyes act as a window into the mental state of others, 
Baron-Cohen et al. (2001) developed the “Reading the mind in the eyes” task as an advanced 
test of ToM. This test presents participants with photographs of the eye region of the face only 
and requires them to assign a mental state label to each image. Studies have consistently 
reported that HF ASC children and adults are significantly worse at inferring mental states from 
the eye region of the face compared to matched non-ASC controls (Baron-Cohen et al., 1997; 
Baron-Cohen et al., 2001; Kaland et al., 2007).  
Evidence from such studies have led proponents of this theory to argue that the social 
impairments, including the diminished appraisal of emotions, experienced in ASC are explained 
by a deficient or delayed ToM.  Since ToM has been associated with successful social, affective 
and communicative functioning (Feng et al., 2008), it is clear to see why the ToM deficit 
hypothesis of ASC has received so much attention. The ToM deficit hypothesis successfully 
accounts for many of the ASC symptoms in the social/communication domain (e.g. deficient 
joint attention, misunderstanding non-literal utterances that require an appreciation of another’s 
intentions, lack of sharing and turn taking and poor ER abilities). 
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It is clear that individuals with ASC, throughout the lifespan, experience difficulties processing 
mental state information and applying this information to effectively navigate social exchanges. 
Although ToM abilities develop in ASC, the inference of mental states is not intuitive (as it is in 
non-ASC individuals) but rather, is achieved through effortful, logical problem solving which 
involves reliance on language abilities and non-social cognitive processes. This qualitative 
difference in reasoning about mental states during ToM task execution is corroborated by 
neuroimaging research which elucidates that ToM processing in typically developing individuals 
activates areas of the “social brain” (Brothers & Ring, 1992); a network identified involving the 
medial prefrontal cortex, anterior singulate, orbito-frontal cortices and the amygdala. In contrast, 
when ASC individuals complete ToM tasks, areas implicated in problem solving are activated, 
whilst activation in the social brain is absent or attenuated, relative to non-ASC individuals (Frith 
& Frith, 2003; Nieminen-von Wendt et al., 2003).  Such findings debunk the non-universality 
critique often levelled at the ToM explanation of ASC since in all cases, whilst some higher 
functioning ASC individuals are able to pass ToM tasks, they do so in a qualitatively different 
(and less efficient) way. A lack of intuitive social insight is found across the spectrum and across 
all age groups. 
However, ToM deficits cannot be considered the single core cognitive mechanism responsible 
for ASC symptomology. ToM deficits fail to provide an explanation for the non-social features of 
ASC.  Nor can it explain the strengths associated with ASC, such as superior low-level 
perceptual processing capabilities and a superior capacity for logical thinking. Furthermore, 
since an intact ToM does not emerge in typically developing children until around the age of four 
years, ToM deficits also fail to explain the earliest manifestations of ASC symptomology (Tager-
Flusberg, 2001).   
To address these theoretical limitations, Baron-Cohen (2002) revised the ToM deficit hypothesis 
and put forth the empathising-systemising (E-S) theory of ASC. This theory is reviewed below.  
2.2. Empathising-systemising (ES) theory/Extreme male brain theory (EMB) 
The ES and EMB theory (Baron-Cohen, 2002) are broader revisions of the ToM deficit 
hypothesis and account for ASC symptomology in both the social and non-social domains.  
These theories extend the ToM deficit hypothesis in two ways; the ToM concept itself is re-
termed cognitive empathy (CE) and is embedded within “the empathising module”, which also 
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includes an affective/emotional component of empathy (AE). Secondly, an additional and 
contrasting cognitive factor “the systemising module” accounts for the non-social atypicalities 
characteristic of ASC. 
These theories propose two contrasting innate psychological modules; the empathising module, 
a system that encompasses not only the cognitive ability to mindread but also the ability to use 
this affective information in order to respond appropriately and a systemising mechanism, which 
is the drive and capacity for analysing, manipulating and constructing systems, in order to 
determine its governing rules, laws and regularities so that predictions of how that system will 
behave in any given circumstance can be made (Baron-Cohen, 2009). According to the EMB 
theory, whilst the socio-emotional and communicative difficulties in ASC are explained by a 
defective empathising system, an intact and even superior systemising module accounts for 
their hyper-attention to detail, preference for predictability, narrow interests and repetitive 
behaviours (Baron-Cohen, 2009, 2010; Golan & Baron-Cohen, 2006).  
Empathising and systemising enable us to understand our world and make predictions based 
upon those understandings. Empathising allows us to make sense of our dynamic, context-
dependent social world, enabling us to make behavioural predictions and guiding our pro-social 
responses. A deficient empathising module would cause us great difficulties in understanding, 
interacting with and predicting the behaviours of other people. In contrast, systemising allows us 
to understand and predict our rule-governed world so that we can manipulate this for our own 
needs (Baron-Cohen et al., 2003).  A superior propensity for systemising would result in 
superior talents for understanding and predicting causal outcomes in rule-based, non-affective 
systems.   
According to Baron-Cohen et al. (2003), in the general population, there are naturally occurring 
sex differences in the cognitive styles of empathising and systemising and these differences are 
biologically determined and due to factors such as pre-natal exposure to testosterone. Females 
are said to be high empathisers and low systemisers whilst males show the opposite trend. 
According to Baron-Cohen, ASC individuals have an extreme version of the male brain (2003). 
It is proposed that ASC individuals sit at the extremes of both empathising and systemising 
scales; they are exceptionally high systemisers and exceptionally poor empathisers (Baron-
Cohen, 2002) and that the high degree of discrepancy between the two styles accounts for ASC 
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phenomena. ASC is therefore viewed within this model as an extreme of normal functioning. It 
is simply the degree of discrepancy between empathising and systemising abilities, found in the 
general population, which accounts for someone being labelled as autistic.  
2.2.1. Empathising 
Impaired empathy in ASC was not a new idea when Baron-Cohen (2002) included the concept 
in his revised ToM model. Frith (1989) referred to empathy as central to ASC symptomology 
and Yirmiya et al. (1989) also referred to empathy in their observations, stating that there was 
an inability to share affective states with others. In another account, Hobson (1993) specified 
that ASC individuals demonstrated poor emotional engagement with other people.   
According to Baron-Cohen (2002), ToM is only one component of empathy (the cognitive 
component of empathising). Empathy also has an affective component known as affective 
empathy (AE). AE (Eisenberg & Miller, 1987) is responsible for our responses to the information 
gained through mentalising, allowing us to experience another persons’ affective mental state 
(Dziobek et al., 2008). To empathise therefore, we must infer the mental state of others and 
must also have the motivation and capacity to use this information in order to respond to a pro-
social manner. This is an important extension to the ToM deficit hypothesis since, even when 
ASC individuals successfully impute an emotional state to another person, they often struggle to 
know how they should respond to such affective states (Grandin, 1996). Responses may be 
emotionally resonant, internal and affective in nature (that person is sad, I feel sad with them) or 
externalised behaviourally (comforting someone). Although CE and AE are two distinct 
components of empathy, they should not be viewed as independent from one another, but 
rather as discrete but related constructs. Whilst CE does not require us to have an emotional 
reaction, AE invokes affective physiological and psychological responses (elevated heart rate 
when we vicariously observe another person’s fear, automatic and unconscious activation of the 
mirror-neuron system which enables us to directly “feel” sadness in ourselves (emotion 
contagion) when we see someone is sad), which can facilitate our cognitive reasoning (aan het 
Rot & Hogenelst, 2014). Similarly, an understanding and appreciation of another’s mental state 
can act to regulate and mediate both our internally felt and behavioural AE responses.   
CE has been studied comprehensively for decades within the ToM framework and evidence has 
amassed in support of a deficient ToM /CE. However, findings in respect of AE are far more 
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equivocal. AE responses do not always manifest themselves behaviourally since one aspect of 
AE relates to internal, spontaneous, non-observable responses (another’s mental state affects 
my mental state). As such, the majority of evidence in support of impaired AE in ASC is 
provided by neurophysiological studies, which have the power to record neural responses to 
affective stimuli, and subjective self-referential measures of empathy. These studies are 
reviewed later in this chapter. 
2.2.2. Systemising 
The addition of the systemising component of this theory is exciting as it revolutionised the way 
ASC is conceptualised. Traditionally, research has focussed on what could be described as a 
deficit model of ASC, with cognitive theories attempting to explain the impairments experienced 
by those on the spectrum. However, the ES/EMB theory posits a more positive model of ASC, 
one that also describes and explains the islets of superior abilities commonly identified within 
this population.  ASC individuals, in this respect, are treated not as a diseased and disordered 
population (as has historically been the case) but rather as different in respect of their 
differential cognitive profiles. They are viewed as hyper-systemisers and recognised for their 
superior and sometimes exceptional capabilities and differential ways of perceiving and 
interacting with the world. These theories champion ASC, presenting them to the world as 
“super-beings” rather than “disordered-beings” and this view helps challenge and remove the 
damaging stigma historically attached to the condition.  
Systemising refers to the drive and the ability to analyse, construct, understand and predict the 
output of any physical or abstract non-affective system by applying the rules that govern it 
(Baron-Cohen, 2006). In order to be classified as a system, the object or principle must have 
both an input and output, and have analysable regularities, structures and rules (Baron-Cohen 
et al., 2004). For example, a mechanical system can be broken down into its constituent parts 
and causal relationships between the parts deduced through analysis and identification of rules 
in order to predict outcomes. Whereas empathising requires us to intuitively take account of 
social contexts in order to make predictions, systemising is more black and white by virtue of 
concrete causal rules.   
The evidence for systemising in ASC is extensive and applies across the spectrum, regardless 
of intellectual cognitive profile. ASC individuals exhibit preferences for predictable, rule-based 
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systems in addition to exhibiting cognitive strengths and superiorities in a number of domains 
which are suggestive of a systemising cognitive style (Bennett & Heaton, 2012; Howlin et al., 
2009). It is well established that ASC individuals demonstrate a natural bias to attend to the 
local properties of objects (Jarrold, Gilchrist & Bender, 2005). For example, anecdotal 
descriptions of ASC include observations of exceptional attention to detail and these are 
corroborated by empirical studies (Mottron et al., 2003; O’Riordan & Plaisted, 2001; Shah & 
Frith, 1983). An ability to focus on details is of obvious benefit to analysing and breaking down 
systems in order to understand them. ASC individuals appear to have a superior capacity for 
logical thinking and are proficient at analysing, manipulating and constructing systems (Baron-
Cohen, 2008). Clues for systemising in ASC also lie in one of the diagnostic domains of 
impairment, namely, restricted and repetitive behaviours (RRB). An insistence on sameness, 
object attachment, repetitive behaviours (such as spinning a toy or manipulating an object in the 
same manner repeatedly) and circumscribed interests (including a propensity for learning 
everything there is to know about an object or interest), whilst viewed primarily as an impairment 
due to the negative social consequences of such rigid and all-encompassing behaviours, do 
lend themselves to a systemising cognitive style. Such behaviours and preferences (for 
example, repeatedly manipulating a toy or learning a new language from scratch) indicates in 
both examples a strong drive for understanding and manipulating rule based systems, 
regardless of whether the ASC individual is low of high functioning. Often, circumscribed 
interests cluster around particular themes with an interest in mechanical systems found to be 
highly prevalent in ASC (Baron-Cohen & Wheelwright, 1999). Furthermore, Attwood (2008) 
observed obsessive pre-occupations with systems (e.g. objects that spin (fans), patterns 
(paving stones), electronic circuits and astronomy) in young ASC children. The ES theory 
therefore suggests that systemising lies at the core of the obsessions, repetitive behaviours and 
resistance to change (Baron-Cohen, 2006). 
ASC individuals have also been found to have superior low-level perceptual processing 
capabilities (from feature detection through to pattern recognition) in both visual and auditory 
modalities (Boucher, 2009).  For example, empirical evidence suggests an enhanced ASC 
ability in perceptual tasks involving discrimination and visual search (Plaisted, O’R iordan & 
Baron-Cohen, 1998a, b) and detection, matching, memory and reproduction (Caron et al., 
2006).  
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Studies directly assessing systemising capabilities and expressions of this cognitive style in 
ASC elucidate that ASC children are superior to matched controls when completing picture 
based causal sequencing tasks (Baron-Cohen, Leslie & Frith, 1986).  Likewise, HF ASC 
adolescents have been found to demonstrate superior performance on an intuitive physics test, 
which requires identification and understanding of the causal relationships of the physical 
properties between objects (Baron-Cohen et al., 2001).  The majority of empirical evidence in 
support of systemising in ASC has been collated by theorists studying the weak central 
coherence theory of ASC. Since these are covered in detail in the WCC section of this thesis, 
they will not be covered here.  
2.2.3. Empathising-Systemising empirical evidence 
A number of theorists have directly tested the ES/EMB theories by studying both components 
(empathising and systemising) concurrently within the same study.   
The Empathy Quotient (EQ) was designed in order to quantify empathising ability in both the 
general population and in ASC individuals (Baron-Cohen et al., 2003). The EQ is a self-report 
questionnaire (either completed by adults in reference to themselves or by caregivers in respect 
of their children) to measure both the cognitive and affective components of empathy. Using a 
forced choice, Likert scale format, the questionnaire includes statements which tap empathising 
skills. In conjunction with this, the Systemising Quotient (SQ), again a self-report questionnaire 
using the same format was developed as a measure of systemising ability. In a series of initial 
studies, Baron-Cohen et al. (2003) compared the EQ and SQ scores of non-ASC adults with HF 
ASC adults and found strong evidence in favour of sex differences in the general population (a 
female superiority for empathising and a male superiority for systemising). In addition, ASC 
adults scored significantly lower on the EQ than non-ASC matched controls and significantly 
higher on the SQ in comparison to non-ASC adults, providing support for both the ES and EMB 
theories. The same patterns of results have been found using adapted versions of these tests 
for use with children (Auyeung et al., 2009). These studies provided strong support for the 
ES/EMB theories, suggesting that although ASC individuals are poor empathisers, they have 
superior systemising abilities compared to their non-ASC counterparts.  
Further studies using the EQ and SQ have consistently replicated these findings (Baron-Cohen 
& Wheelwright, 2004; Shamay-Tsoory et al., 2002) and are useful in providing evidence for the 
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extreme gulf between systemising abilities (high) and empathising abilities (very low). However, 
the EQ fails to distinguish between CE and AE and as such the two components of empathy 
cannot be extricated in studies adopting this approach.  As such, such studies cannot reliably 
posit deficient empathising (as a dual-component construct).  
In light of this inadequacy, Rogers et al. (2007) administered a multi-dimensional self-report 
questionnaire (including both CD and AE scales), the Interpersonal Reactivity Index (IR: Davis, 
1983) to HF ASC adults and matched non-ASC controls, in a bid to disentangle the cognitive 
and affective components of empathy. Corroborating decades of research findings that ToM is 
deficient in ASC, the results of this study showed that the ASC group performed significantly 
worse on the CE empathy scales relative to non-ASC matched controls. However, a very 
different picture emerged when results of the affective empathy scales of the IR were analysed. 
Results demonstrated that ASC individuals’ self-reported feelings of compassion and concern 
for other people matched those of the non-ASC group. Furthermore, in stark contrast to the 
predictions of the ES/EMB theory, ASC individuals scored significantly higher than controls 
when self-reporting feelings of personal discomfort when faced with tense social situations. This 
study therefore raises a serious question regarding AE in ASC. ASC individuals certainly 
struggle to infer mental states in others, as demonstrated by the CE and ToM results from this 
study and countless others covered in the ToM review section. It is possible therefore that the 
reason they are viewed as cold and unresponsive to others’ negative affect (reflected by flat 
affective responses and lack of helping or supportive behaviour), is due to them not grasping 
that the person needs comfort, rather than an inherent lack of AE.  
The finding of this imbalance between cognitive and affective empathy in ASC (cognitive 
empathy is impaired whilst affective empathy is unimpaired) has been replicated by a number of 
studies using self-report questionnaires with both adults (Dziobek et al., 2008; Silani et al., 
2008) and children (Pouw et al., 2013). Criticisms could be levelled at studies adopting a self-
report paradigm due to the lack of objectivity this method of data gathering attracts. 
Furthermore, asking a clinical group who are known to struggle with perceiving their own 
internal psychological processes, to evaluate how they have felt about a social situation 
retrospectively, obviously has limitations and as such results from such studies should be 
interpreted with caution. 
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Neurophysiological studies and behavioural observations have provided mixed evidence for 
attenuated empathic resonance in ASC. Despite some evidence for atypical sensori-motor 
resonance in response to another person’s physical pain such as that provided by Minio-
Paluello et al. (2009), other studies using similar methodologies have reported typical sensori-
motor resonance in ASC (Fan et al., 2013). In fact, another school of thought has posited that 
individuals with ASC not only have intact AE but they actually have a surfeit of AE compared to 
non-ASC individuals (Capps et al., 1993; Smith, 2009). For example, Blair (1999) found that 
ASC children produce normal electro-dermal responses to emotive stimuli (pictures of people in 
distress), but observed that during the study, a couple of the children covered their eyes and 
refused to look at some of the images. It is therefore difficult to posit a lack of empathy in ASC 
when emotive stimuli elicit such an aversive response. Likewise, Attwood (1993) observed that 
ASC individuals are particularly distressed by other people’s negative emotions. A heightened 
AE sensitivity in ASC was also evidenced by Capps et al. (1993) who reported enhanced 
empathic facial affect in ASC children when compared to non-ASC controls. Such findings led to 
the empathy imbalance hypothesis (Smith, 2009) which posits that ASC individuals are so over-
sensitive to the emotions of others that they actively avoid attending to emotions in others 
because of the overwhelming distress this causes. Because they have a deficient capacity for 
CE, which enables us to regulate and resolve AE responses, this distress is heightened further.  
Smith (2009) offers that ASC individuals develop a systemising cognitive style in order to cope 
with this empathic imbalance. Rather than focussing on a social world they struggle to 
understand and yet which arouses strong feelings of distress that they are unable to, they 
instead focus on non-emotive rule based systems which they are able to understand and which 
does not over stimulate them or confuse them.  
The empathy imbalance hypothesis is in line with the ES/EMB theory in a number of ways; both 
recognise the systemising bias in ASC and both posit that deficient CE capabilities in ASC 
account for the difficulties these individuals experience when trying to navigate their social 
world. However, whereas the ES/EMB theory suggests a general empathy deficit 
(encompassing both CE and AE), the empathy imbalance hypothesis offers that a surfeit of AE 
is the core explanation for social avoidance behaviours exhibited. To reduce distress and over 
stimulation, the ASC individual adopts a systemising cognitive approach as a distraction 
strategy.    
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A study by Schwenck et al. (2012) provided further support for deficient CE and intact AE in 
ASC.  Schwenck et al. (2012) found that boys with ASC were impaired in cognitive empathy 
tasks, taking more time to recognise facially expressed sadness than matched typically 
developing controls and boys with conduct disorder, whilst AE was intact.  ASC boys were as 
emotionally affected by emotive video clips as matched typically developing controls and 
significantly more affected than children with conduct disorders. A more recent study by 
Deschamps, Been and Matthys (2014), which combined a variety of parental and teacher 
reports and experimental tasks provided further support for deficient CE and intact AE in ASC. 
The findings of these studies refute the general empathy deficit argument proposed by the 
ES/EMB theories and suggest that empathy deficits in ASC are cognitive in nature. 
The discrepant findings in the study of affective empathy in ASC could be due to tasks tapping 
different aspects of the construct. Whereas some studies (Minio-Paluello et al., 2009) measure 
emotional resonance (such as emotion contagion; sharing and feeling another’s affect) which is 
found to be atypical in ASC, other studies tap emotional affection and the propensity to engage 
in pro-social helping behaviours, prompted by another person’s situation (Schwenck et al., 
2012). This aspect of AE appears unaffected in ASC and is manifested typically when the ASC 
individual recognises and understands the situation correctly. Although individuals with ASC 
may sometimes behave in ways that could be construed as indicative of a lack of empathy 
towards other people, it appears more and more likely that this is due to deficient mental state 
understanding rather than a lack of compassion.  Although they experience appropriate 
empathic concern for others, their deficient CE prevents them from channelling that concern into 
typical pro-social behaviours. Simply put, if an ASC individual does not recognise that another 
person is sad, then it follows that they are unlikely to show compassion or offer support or help.  
The ES model has changed the way we view ASC. Not only does this model focus on the 
strengths in this population but importantly, it’s recognition of a dual-component construct of 
empathy has gone some way to dispelling myths traditionally linked to ASC (that they are cold 
and are unresponsive to others’ affective states). Clearly differentiating the cognitive and 
affective components of empathy in this model, prompted research that aimed to further our 
understanding of AE in ASC. However, rather than offering support to the ES/EMB’s assertion 
that empathy in general was atypical and attenuated in ASC, instead it led to findings strongly 
suggesting that empathising impairments of those with ASC appear to primarily be related to 
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complex cognitive functions, such as mentalising and perspective-taking (Castelli et al., 2002; 
Kaland et al., 2002) and the processing of emotions (Baron-Cohen et al., 2001; Lindner & 
Rosen, 2006) rather than the inability to resonate with another’s affective state. Although a 
thorough and clear-cut understanding of the empathic abilities of those with ASC has not yet 
been reached, research has so far elucidated that ASC individuals do feel concern and distress 
in others and do have a propensity to help others when they recognise and understand the 
emotional needs of their peers. Therefore, the prevailing view of a general empathising deficit in 
ASC needs to be re-evaluated; it is possible that the impairment is more specific to cognitive 
empathy/ ToM.  This understanding would have important implications not only in terms of how 
academics, clinicians, the general public and autistics themselves view ASC as a condition, but 
also in terms of identifying target areas which actually require remediation. A focus on improving 
mental state recognition, such as providing ER training could lead to better understanding of the 
feelings and emotional needs of others. If, as proposed by the empathy imbalance model 
(Smith, 2009) ASC individuals actively avoid attending to affective states (other’s faces for 
example) in order to reduce the overwhelming feelings of distress that can arise, there is a need 
for interventions to encourage ASC individuals to improve their ER skills in order that they can 
employ mental state understanding to mediate such overtly felt responses. This presents a 
serious challenge however; ER interventions by nature require the ASC individual to look at 
faces in order to learn how to better identify facially expressed affect and there is a reluctance to 
do so. The key is to present such emotive stimuli in a way that can be tolerated. Once that is 
achieved, aspects of CE could potentially be enhanced in ASC and help regulate their AE and 
pro-social behavioural responses.    
 
2.2.4. ToM /ES and ER 
The ToM hypothesis (and subsequently the ES theory of ASC) has long been advocated by 
theorists as underlying the ER difficulties suffered by ASC individuals. Since ToM /empathising 
capacity has been found to correlate with ER abilities (Heerey, Keltner & Capps, 2003), it is 
posited that a deficient ToM accounts for ER difficulties (Baron-Cohen, 2000). However, this 
explanation is problematic for a number of reasons. Firstly, the constructs of ToM, empathising 
and ER are not distinguished adequately by researchers and the terms are often used 
interchangeably. For example, ER tasks are often also referred to as ToM tasks (e.g. Reading 
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the mind in the eyes task discussed above), however, researchers do not clearly state why this 
is the case. Furthermore, the correlational relationship between ToM performance and ER 
ability is not supported consistently in ASC with neurocognitive models suggesting that the two 
constructs are subserved by distinct neural networks and therefore may be dissociably impaired 
(Frith & Frith, 2001). Evidence from ToM remediation studies confirm this assertion. 
Remediating ToM deficits in ASC does not appear to translate to improved social functioning in 
day to day life (Begeer et al., 2010; Fisher & Happe, 2005). Fisher and Happe (2005) found that 
whilst a ToM training program administered to ASC children led to improved performance on 
ToM tasks, it did not lead to improved ER skills. Similarly, Begeer et al. (2010) found that ASC 
children responded to a ToM intervention by demonstrating improved conceptual ToM 
understanding but self-reported empathy and parental reported social skills remained 
unchanged. If ToM /empathising is the core deficit that leads to ER difficulties and social 
inadequacies, then we would expect remediation of ToM to lead to improved ER and social 
functioning. It appears therefore that whilst ToM interventions can lead to improved 
performance on traditional ToM measures, these skills are not generalised to daily life. 
2.3. Weak Central Coherence 
Whereas the ToM hypothesis of ASC posits deficient understanding and representing of other 
people’s minds as central to ASC symptomology, the weak central coherence (WCC) theory of 
ASC (Frith, 1989; Happé & Frith, 2006), much like the ES/EMB theory, offers an explanation for 
the superior abilities of ASC individuals in addition to explaining the inherent social and emotion 
recognition difficulties. However, unlike the ES/EMB theory, the WCC theory offers a domain-
general account of ASC symptomology, offering that differential information processing biases 
are not specifically reserved for socio-emotional processing but rather affect the way people 
with ASC view their environment in its entirety. 
According to the WCC theory, ASC is characterised by a detail-focussed processing bias, at the 
expense of typical global processing defaults. Whilst typically, people process their environment 
globally, attending to the whole and integrating perceptual information (via multiple channels; 
visual, auditory etc) into a coherent whole whilst ignoring minor details, ASC individuals are 
found to do the opposite. ASC individuals consistently demonstrate a propensity for attending to 
the minor details and do not tend to process information by extracting overall meaning or gist. 
This processing style is referred to as a weak drive for global coherence (Happé & Frith, 2006). 
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Rather than perceiving things as a whole, ASC individuals perceive and process the constituent 
parts of their environment in a piecemeal fashion and therefore experience a fragmented rather 
than holistic world. According to the WCC theory, since contextual integration is critical to 
effective social functioning, an excessive focus on details coupled with a reduced ability to 
integrate perceptual information in order to gain a higher-level meaning or gist, accounts for the 
social difficulties in ASC (Happe´ & Frith 2006). 
Since global processing is critical to both ER and understanding of social context whereas, 
conversely, local, detail focussed processing would be preferential for low-level perceptual 
processing capabilities such as acute feature detection, pattern recognition, discrimination and 
visual search capabilities,  this theory not only explains a range of difficulties experienced by 
individuals on the spectrum, but it also accounts for the superiorities, spared abilities and islets 
of ability and in particular accounts for the atypical visuospatial processing capacities in ASC  
(Happe´ & Frith, 2006). Support for this theory comes from two areas of study; those which 
demonstrate that ASC individuals show peaks in perceptual functioning and are superior to non-
ASC individuals on tasks which require local processing (Shah & Frith, 1983) and those which 
consistently find inferior ASC performance on tasks and abilities heavily reliant on global 
processing strategies (such as FER).  
The way in which ASC individuals atypically respond to visual illusions has been offered as 
support for differential processing propensities in ASC (Happe´, 1996; Ishida, Kamio & 
Nakamizo, 2009). Typically, people succumb to visual illusions, such as the Muller-Lyer illusion, 
the Titchener illusion or the Ponzo illusion because they integrate all parts of the visual illusion 
holistically. All of these illusions present geometric drawings of objects (e.g. circles) which 
appear to differ in size because of features surrounding them, which distort the perception of the 
target objects.  In the Titchener illusion for example, two identical comparison circles appear 
different in physical size because of the presence of larger or smaller circles in close proximity 
to them. Since the entire visual array, including the non-target distractor items, is holistically 
processed, the presence of the non-target features prompts the misperception that the target 
circles differ in size. However, Happe (1996) found that ASC children did not succumb to these 
visual illusions and proposed that this was because they were processing the constituent parts 
of the illusion in a piecemeal fashion and therefore the contextual gist (the surrounding circles) 
did not influence their perception of the target circle dimensions. This finding however was not 
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replicated in a study where the task was not simply to indicate size differences, but rather 
involved participants physically manipulating the size of the target features in order for them to 
be equivalent. In a computer delivered task, Ropar and Mitchell (2001) presented ASC 
individuals with a number of visual illusions and asked participants to adjust the sizes of lines 
with keyboard controls and found that the ASC group unnecessarily adjusted line size to the 
same degree as matched non-ASC controls. Ropar and Mitchell (2001) suggested that their 
results demonstrated that ASC susceptibility to visual illusions, in terms of biases and error 
rates, was no different to non-ASC individuals. Ropar and Mitchell (2001) argued that when a 
motor response is required as opposed to a verbal response, this removes the local processing 
bias and there is a switch to global processing. This finding led other researchers (Mottron et 
al., 2006) to suggest that the contradictory findings are due to the task demands in each of the 
studies. Mottron et al. (2006) suggest that higher-order global processing is possible in ASC 
when task demands explicitly require it but that the default processing strategy adopted in ASC 
is set at lower level perceptual processing. Furthermore, contradictory visual illusion findings in 
ASC could be explained by the wording of task instructions. For example, Brosnan et al. (2004) 
demonstrated that when ASC individuals were asked, which of two lines look longer, they 
succumbed to the visual illusion as much as controls. However, when ASC participants were 
asked “which line is longer”, the misperception of size difference was not evident. This finding 
supports the notion that the processing strategy employed in ASC when faced with visual 
illusions is dependent on the cues explicitly given. The ASC individual is argued to have access 
to both the accurate representation of stimuli (when processed locally) and the distorted 
representation (when processed globally) and that their choice of information processing 
strategy is dependent on the cues given.   
ASC individuals have also been found to be superior to non-ASC matched controls on tasks 
involving the identification of shapes within a complex design (Jolliffe & Baron-Cohen, 1997; 
Shah & Frith, 1983). The embedded figures task presents a drawing of an everyday object (e.g. 
a pram) and requires participants to find a target shape (e.g. a triangle) within the drawing. 
Whereas non-ASC individuals struggle to disregard the whole (the pram) which impedes their 
ability to locate a constituent part of the object, ASC individuals (both children and adults) are 
more accurate than matched controls (Jolliffe & Baron-Cohen, 1997; Shah & Frith, 1983). These 
results strongly suggest that ASC individuals are processing the pram in a local piecemeal 
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fashion rather than as a whole and by doing so, are at an immediate advantage. Further support 
for an ASC local processing bias come from studies using the Block Design subtest of the 
Weschler intelligence battery. This spatial ability task involves participants assembling a 2D 
image with coloured blocks to match an abstract drawing as quickly as possible. To achieve 
optimal performance on this task, participants need to focus on the constituent blocks rather 
than the whole. In line with the WCC theory, ASC children outperform non-ASC matched 
controls on this task (Shah & Frith, 1993). Shah and Frith (1993) also found that the ASC 
superiority disappeared when the block drawings were pre-segmented, suggesting that the ASC 
superiority was due to a local processing bias. Whereas ASC individuals perceptually 
segmented the image into constituent parts naturally, which allowed them to recreate the image 
quickly, non-ASC individuals were impeded by their drive for central coherence and therefore 
the constituent parts were not as salient as the global image. It is proposed therefore that ASC 
individuals lack this drive for central coherence and therefore demonstrate superiority on tasks 
such as these. Furthermore, superiority on these tests do not appear to be dependent on either 
IQ or executive functioning (Chabani & Hommel, 2014).  ASC children with IQ’s lower than 70 
who are found to be impaired on a number of executive functions, including planning, working 
memory, cognitive flexibility and verbal ability, still show superior performance relative to non-
ASC matched controls on tests of featural processing (Robinson et al., 2009; Stewart et al., 
2009).   
Non-susceptibility to visual illusions and superiority on block design and embedded figure tasks 
provides evidence for ASC coherence deficits in the visual modality at a very early perceptual 
and attentional stage of processing (Brosnan et al., 2004; Happe, 1996). However, WCC has 
also been found in other modalities and at later stages of processing. For example, the WCC 
theory also provides a plausible explanation for the communication difficulties inherent in ASC. 
A lack of drive for verbal-semantic coherence in ASC has been evidenced by studies using 
homographs. Homographs are words that share the same spelling but differ in terms of their 
meaning and pronunciations (e.g. lead, tear, close). As such, the pronunciation you would use 
for the word would be dependent on the context in which the word appeared.  Studies using 
written prose have demonstrated that ASC individuals fail to use the context offered by 
preceding sentences, indexed by their use of the incorrect pronunciation (Frith & Snowling, 
1983; Lopez & Leekam, 2003).   
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Further support for a lack of appreciation of context when interpreting written information was 
provided by Jolliffe and Baron-Cohen (1999). In this study, participants were provided with 
sentences, one of which provided contextual information that would need to be integrated in 
order to answer the test question and one which provided a summary of a situational outcome. 
Jolliffe and Baron-Cohen (1999) found that HF ASC participants failed to make use of the 
contextual sentence in order to arrive at the correct answer and therefore performed poorly 
relative to non-ASC matched controls. Collectively, these results offer an explanation for the 
socio-communicative issues faced by ASC individuals in understanding verbal communications 
which rely on an appreciation of social context (Loukusa & Moilanen, 2009; MacKay & Shaw, 
2004).  Often, meaning from the spoken or written word is inferred rather than made explicit. 
There is a need to read between the lines in order to clarify the meaning of an utterance. A lack 
of drive for verbal semantic coherence would prevent the ASC individual from utilising and 
integrating the social context to inform their understanding of the communicative intent. The 
ability to interpret communicative intent from speech or the written word is impaired in ASC and 
as such, responses to verbal exchanges are often inappropriate. The WCC theory offers that 
this is due to difficulties in taking account of the social context of the verbal exchange.  
Visuo-conceptual tasks also prove problematic in ASC. When presented with fragmented line 
drawings of objects (presented in a jigsaw like fashion), ASC individuals are impaired relative to 
matched non-ASC controls at identifying the object by mentally integrating the fragmented 
pieces (Jolliffe & Baron-Cohen, 2001). Collectively, studies employing tasks that require the 
recruitment of global processing consistently reflect an ASC deficit in the control processes that 
are responsible for pulling together visual, verbal or multi-modal component features into a 
coherent whole.  
One research avenue explored extensively since the advent of the WCC theory is whether FER 
deficits derive from perceptual atypicalities in face processing. Research has found a number of 
aspects of facial emotion processing are indeed atypical and impaired in ASC with evidence 
indicating that faces are processed in a piecemeal fashion rather than holistically. Some 
researchers suggest that this inefficient facial processing bias lies at the heart of FER difficulties 
in ASC (Harms et al., 2010; Hobson, Ouston & Lee, 1988; Langdell, 1978; Tantam et al., 1989). 
For example, Behrmann et al. (2006) found that HF ASC individuals showed a propensity to 
process face features separately and independently (mouth, then eyes etc.) rather than in the 
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usual automatic and less effortful global manner adopted by non-ASC individuals, which 
involves processing the face as one holistic unit.   
Further evidence for an ASC bias to encode facial information in a fragmented fashion comes 
from studies investigating the facial inversion effect (FIE) in ASC. The FIE is seen in typically 
developing individuals when an image of a face is presented upside down (inverted). Whereas 
non-face objects are said to engage the same perceptual mechanism whether they are 
processed upright or inverted, faces are argued to be a special class of stimuli and as such 
engage different mechanisms when viewed in an upright or inverted manner. Since face 
processing and FER is central to our social interactions, it is argued that typically, we develop 
specialised perceptual processes which allow us to quickly and accurately discriminate between 
faces. This obviously has survival value since the ability to distinguish between friend and foe or 
a happy approachable face and an angry unapproachable face allows us to decide whether to 
approach or retreat. As such, our ability to distinguish faces, a class of stimuli which should 
cause great difficulties given the perceptual similarities in terms of features present (eyes, 
mouth etc) and configuration of features (eyes are always above the nose), develops to a 
degree of expertise that allows us to make fine discriminations which are usually unnecessary 
with other stimulus classes (Schultz, 2005). It is known that perceptual expertise with an object 
(such as diamonds to a gem stone dealer for example) attracts a configural processing strategy 
whereby the finest distortions to spatial relationships between constituent parts are recognised 
quickly and efficiently (Diamond & Carey, 1986; Gauthier & Tarr, 2002). Since typically 
developing individuals are said to be face experts, this global processing style is adopted when 
we see faces. Therefore, when we see upright faces, typically developing individuals adopt the 
more efficient holistic encoding style, whereas inverted faces render us novices and as such are 
downgraded to non-facial stimuli and are processed featurally (Farah et al. 1998; McKone & 
Yovel 2009). The inversion of a face disturbs face perception since the relational information 
between the facial features are disrupted when presented upside down. Object perception on 
the other hand is not disrupted in inverted presentations since there is less sensitivity to the 
special configurations of the object features we have no expertise with and as such these are 
processed in a more local feature-based way (Schultz, 2005).  
Since holistic processing is a more efficient encoding strategy, performance disparities between 
inverted (poorer) and upright (better) faces, known as the FIE, are believed to be attributable to 
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the processing style adopted (Goffaux & Rossion 2007; Hobson, Ouston & Lee, 1988; Tantam 
et al., 1989). Given that the FIE is considered a reliable marker of local versus holistic 
processing, studies have used the FIE as a way to investigate facial processing bias in ASC.  
ASC individuals demonstrate an attenuated FIE; that is, performance degradation for 
recognising inverted faces is significantly less than that seen in non-ASC matched controls 
(Hobson, Ouston & Lee, 1988; Tantam, et al., 1989; Teunisse & de Gelder, 2003). An 
attenuated FIE in ASC is taken as evidence of a bias for piecemeal processing of faces since 
processing style would not differ in the upright or inverted face conditions (Pallett et al., 2014).   
The majority of ASC research findings fit the main principles of the WCC theory. However, 
whilst there is consistent evidence for superior detail-focussed processing in ASC, the evidence 
for attenuated and deficient holistic processing is far less consistent. For example, it has been 
demonstrated that individuals with ASC are as likely to attend preferentially to a global figure 
over smaller local figures, which comprise the larger figure. An example of this is the Navon test 
(Navon, 1977). Studies have shown that when ASC individuals are presented with a large letter 
(e.g. H) composed of numerous smaller letters (e.g. Ss) they are quicker to respond to the 
global figure (H) than the local figure (S) (Mottron & Belleville, 1993; Plaisted, Swettenham & 
Rees, 1999). Such results refute the WCC theory’s prediction since impaired integration of 
constituent parts into a whole would result in the ASC individual responding more quickly to the 
local stimuli rather than the global.  However, modifications to the WCC theory state that it is not 
an impairment per se in integration of information but rather there is less drive to do so. 
Processing style is an attentional choice is ASC and as such, when asked to attend to the 
global or local levels of hierarchical stimuli, ASC individuals are as likely to see the bigger 
picture as are non-ASC individuals. This interpretation was given credence when Plaisted et al. 
(1999) conducted a study, which did not prime participants to attend to local or global levels and 
found that under these conditions, when attentional choices were self-directed, ASC individuals 
responded more accurately to the local level as predicted.  
However, the tenets of the WCC theory were questioned following a study, which demonstrated 
that ASC individuals responded in the opposite direction to that which would be predicted by 
WCC. In a series of conjunctive visual search experiments (Plaisted, O’Riordan & Baron-Cohen, 
1998a, b), participants searched for a target (a green X) amongst distractor items (green Ts and 
red Xs). In order to locate the target as quickly as possible, participants must integrate the 
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colour green and the shape X. The WCC theory would predict that ASC individuals would 
perform poorly at this task relative to non-ASC matched controls. However, unexpectedly, ASC 
children demonstrated an enhanced ability to discriminate between display items, indexed by 
their superior performance (compared to controls) in search tasks where target/distractor 
similarity was high. 
2.4. Enhanced discrimination reduced generalisation theory (EDRG) 
Such findings led to the enhanced discrimination-reduced generalisation (EDRG) theory of 
autism (Plaisted et al., 1998b) which successfully explains not only the superior results 
demonstrated in visual search paradigms but also the superior performance commonly seen by 
ASC individuals on embedded figures tasks (Jolliffe & Baron Cohen, 1997; Shah & Frith, 1983) 
and block design tests (Rumsey & Hamberger, 1988; Shah & Frith, 1993). Proponents of this 
theory suggest that there is hyper-sensitivity to differences between stimuli and a reduced 
perception of similarities in ASC (Plaisted, 2001).  Plaisted (2001) draws on elemental theories 
of generalisation, which suggest that stimuli that share enough common features will be 
responded to comparably whereas stimuli that share fewer similarities will be treated as different 
(Estes, 1950). Plaisted (2001) argues that in ASC, similarities between objects and situations 
are not perceived and processed in this typical manner and as a result, minute details of 
difference take precedent over the commonalities, rendering even highly similar stimuli as 
different.  
Plaisted (2001) offers that the ASC superiority on both the Embedded Figures Task and the 
Block Design Task is due to the EDRG theory rather than WCC.  She points out that the target 
image in the embedded figures task (e.g. the triangle) comprises features that are in common 
with the whole and other features that are unique to the target. It is offered that target detection 
will be enhanced if the common features are processed poorly and the unique features are 
processed efficiently. For individuals who are hyper-sensitive to differences, such as those with 
ASC, this would cause a pop out effect of the target object and detection times would be faster. 
Similarly, processing unique features of the required block faces in the block design test and not 
being distracted by blocks whose features are similar to other block faces would provide an 
advantage to ASC individuals in the block design task.  
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Furthermore, evidence of enhanced discrimination provided by the Plaisted et al. (1998b) study 
support the EDRG theory’s notion of hyper-sensitivity to differences. Discrimination of very 
similar stimuli in typically developing individuals is usually confounded by the drive to hold the 
commonalities that exist between the stimuli as most salient and the differences as negligible. It 
has been found therefore that fine discriminations of highly similar stimuli rely on exposure to 
the stimuli so that the unique features of each stimuli can be learnt and made more salient for 
subsequent discrimination purposes (McLaren, Kaye, & Mackintosh, 1989). Exposure is 
negated in ASC however since there is an automatic bias to process the differences between 
stimuli rather than the commonalities. Both typical perceptual learning (exposure to highly 
similar stimuli enables later discrimination) in the non-ASC group and a bias to process 
differences rather than commonalities in the ASC group was demonstrated in Plaisted et al.’s 
(1998b) study. It was found that non-ASC adults better discriminated between pre-exposed 
highly similar stimuli than they did novel highly similar stimuli, reflecting that they had learnt the 
differences between highly similar stimuli in the pre-exposed condition. However, ASC adults 
showed no benefit of pre-exposure, performing just as well with novel stimuli as with pre-
exposed stimuli and outperformed the non-ASC group on the novel discrimination task, 
demonstrating a propensity to attend to and process the differences across conditions.  In a 
later study, O’Riordan and Plaisted (2001) also found that HF ASC children outperformed non-
ASC matched children on conjunctive search tasks where the target and distractor similarity 
was high. Whereas performance in the non-ASC group was hindered when target-distracter 
similarity was increased, this did not apply to the ASC group of children. Superior performance 
for visual search has recently been observed in infants as young as nine months old, who went 
on to receive a diagnosis of ASC (Gliga et al., 2015).  
In addition to visual discrimination, hyper discrimination abilities in ASC have also been found in 
the auditory modality. For example, Bonnel et al. (2003) found that ASC individuals 
demonstrated superior performance in discrimination of frequency of pure tones in both same-
different tasks and in identification tasks.  
If there is, as is suggested by the EDGR theory, hyper-sensitivity to differences and attenuated 
perception of commonalities, then the implications are clear; the relative inability to perceive 
similarities would result in diminished categorisation and a lack of information available to be 
taken from one situation and applied to another (Plaisted et al., 1998). Categorisation has been 
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defined as ‘…the process by which different entities are treated as equivalent’’ (Soulieres et al., 
2007, p.482) and as such relies on the processing of commonalities between stimuli.  
As a consequence of diminished categorisation, the world, and in particular, the social world, 
would become highly complex and difficult to interpret (Klinger & Dawson, 2001).  Research has 
demonstrated atypical generalisation and categorical perception (Soulieres et al., 2007) in ASC 
individuals and has therefore contributed to our understanding of the difficulties (including FER 
deficits and transfer of knowledge from one context to another) experienced by this population.   
For example, a reduced ability to categorise in ASC was demonstrated way before the advent of 
the WCC or EDRG theories of autism. Hermelin and O’Connor (1967) identified that ASC 
children could not rely on a chunking method in a memory task. Whereas developmentally 
delayed non-ASC children were able to chunk words together, which belonged to the same 
semantic category in order to aid recall, ASC children were not. Similar results of a 
categorisation deficit in ASC were yielded in a study by Tager-Flusberg (1991) who 
demonstrated that ASC children did not appear to gain from the facilitative effect of semantically 
similar nouns in a memory task.   
In a more recent study, Soulieres et al. (2007) found that HF ASC children differed to non-ASC 
matched controls in both discrimination and categorisation tasks. Children were presented with 
ten ovals that differed in width along a continuum (narrow ovals at the beginning of the 
continuum gradually increasing in width to the end of the continuum). In the first task, 
participants were shown two ovals side by side and had to indicate whether they were the same 
or different. Although there were no differences overall in the ability to discriminate between the 
ovals, the ASC children were able to discriminate between ovals regardless of where they sat 
on the continuum whilst the non-ASC children demonstrated improved discrimination of ovals in 
the middle of the continuum. The researchers argued that ovals from the middle of the 
continuum sat on the boundaries of the narrow versus fat categories, which may have led to 
easier discriminations in the non-ASC group. It is suggested that the non-ASC children acquired 
a representation for each category when they were first exposed to each (narrow and fat) which 
facilitated their discriminations. The finding that discrimination in the ASC group was not 
facilitated by proximity to category boundaries was interpreted as evidence of either; 
discrimination being autonomous in the ASC group with no classification of stimuli (narrow 
versus fat) since they were not explicitly instructed to categorise stimuli, or if categories were 
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created during the same-different task, diminished top-down influences rendered them 
irrelevant for the current task and therefore they did not affect discrimination performance. 
Although there were no differences in the categorisation task between the groups, this study 
revealed that HF ASC children do not apply categorical knowledge to facilitate discrimination 
processes and therefore points to attenuated top-down processes in ASC and enhanced 
autonomy of low-level perceptual processes. Although categorisation is possible, it is not used 
to inform low-level perceptual processes. These findings are in line with the EDRG theory of 
autism in that the ASC children may have perceived the ovals to be unique enough to 
discriminate without the need for classification to aid their responses. 
In a study by Klinger and Dawson (2001) it was found that although ASC children are able to 
categorise stimuli, this is only the case when they are provided with explicit rules to do so. 
Results such as these suggest that in order for ASC to learn and form prototypes, rules are 
needed which will enable them to focus on commonalities between stimuli. Without these rules, 
ASC children do not spontaneously classify novel objects by grouping them together by 
commonalities but rather appear to perceive each and every stimulus as unique, influenced by 
their hyper-perception of differences, which prevents automatic categorisation. However, more 
recently, Soulieres and colleagues (2010) demonstrated that ASC individuals can learn to 
categorise provided they are exposed to the to be learnt materials for a sufficient amount of time 
since they appear to adopt a guessing strategy in the first instance before employing more 
efficient top-down processes. Results suggested that category learning is slower since it may 
not be automatically engaged and furthermore, when categorisation does occur, ASC 
individuals appear to use fewer dimensions to categorise.  
Poor categorisation and thus reduced generalisation is also argued by the EDRG theory to 
account for the restricted interests prevalent in ASC. ASC individuals often have circumscribed 
interests and their object of fascination is all encompassing with rigid boundaries. They do not 
have a tendency to broaden this fascination and apply it to a similar prototype. For example, 
should a non-ASC child become interested in cars, they are likely to transfer their interest for 
one car make to another, broadening their interest to encompass other exemplars of the same 
category. In ASC however, interests are so circumscribed that an attentiveness to one make of 
car would not tend to translate to an interest in any other car makes.  
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Although the WCC and EDRG theories differ in a number of respects, there are many overlaps. 
Both theories posit that the processing of stimuli differs in ASC relative to typically developing 
individuals. Collectively, these theories and the numerous empirical research findings, which 
serve to support their hypotheses, explain a wide range of ASC phenomenon such as enhanced 
discrimination, reduced generalisation and attenuated categorisation. Both theories ascribe 
such phenomenon as arising from a tendency to process their environment at a detail-focussed 
level, which can mean they often fail to see the bigger picture by integrating information into a 
meaningful coherent global gist.   
The EDRG theory offers an explanation for the lack of generalisation of acquired knowledge to 
real life situations (e.g. FER) whilst allowing an insight into the sensory-perceptual anomalies 
characteristic of autism.  It provides a window with which to view the ways in which ASC 
individuals perceive their world.  This positive view of autism focuses on the superior perceptual 
abilities of those on the spectrum and as mentioned earlier, it is theories such as these which 
may allow for innovative interventions to be developed; interventions which capitalise on such 
strengths, take account of the differential ways in which autistic populations perceive their world 
and as such be designed to suit their individual learning style.   
2.5.  Summary of cognitive theories of ASC 
Although the neurocognitive theories of ASC set out to discover a single underlying core 
cognitive mechanism that could account for all the features of ASC (in both the social and non-
social domains), across all ASC individuals at the cognitive level, conflicting empirical results 
within and between each theory means that none has successfully captured the within-category 
heterogeneity of ASC. Each theory, their revisions and off shoots have and still do provide an 
informative and useful framework for understanding ASC symptomology. Empirical evidence 
suggests that all ASC individuals have deficits to some degree in cognitive empathy and have 
differential perceptual and cognitive processing biases. ASC however should not be classed as 
a unified syndrome but rather a highly complex condition better viewed as a combination of 
symptoms in the domains of ToM and WCC. Furthermore, a multiple-deficit account of ASC 
seems more plausible given the finding that once age, verbal ability and non-verbal ability are 
controlled for, these domains appear unrelated to one another (Pellicano et al., 2006). Theories 
should not only explain symptomology but should also give rise to the development of 
interventions to remediate impairments to improve quality of life. By adopting a multiple-deficit 
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account of ASC, researchers and clinicians can specifically tailor treatments to the profile of the 
ASC individual drawing on empirical findings from the relevant impaired domains (Rajendran & 
Mitchell, 2007). It has become highly evident that one size does not fit all in ASC. These 
theories do not compete but rather compliment one other by collectively explaining the deficits 
and superiorities in this complex condition. By focussing on only one cognitive theory of ASC 
and dismissing others, we are effectively engaging in weak central coherence ourselves. Only 
by zooming out can we see the bigger picture.  
2.6. Attentional/Motivational theories of ASC 
Although traditionally, research has focussed on identifying and explaining the cognitive deficits 
in ASC, social attentional and motivational theories contribute to our understanding of why 
these cognitive deficits may transpire in ASC symptomology. Social attentional/motivation 
theories do not dispute the accounts offered by the neurocognitive theories, but rather offer that 
the cognitive deficits, especially in the domain of social cognition, are a consequence of atypical 
social motivation (Chevallier et al., 2012). Social attentional/motivational theories do not attempt 
to provide a singular explanation for all ASC symptomology (i.e. they do not posit an 
explanation for non-social symptoms) but rather provide a plausible account for the social 
deficits characteristic of the condition.  
The social motivation framework suggests that impaired social cognition results from atypical 
social interest. Since orientating our attention towards our social world provides us with 
continual opportunities to learn and develop social understanding, it is posited that if this 
attentional bias is disrupted, we would have less experience and opportunities to learn, which 
would hinder the development of cortical networks specialised solely for social cognition and in 
particular for face and affective processing (Begeer et al., 2006; Dalton et al., 2005; Sasson, 
2006; Schultz, 2005). Although social attentional preferences are critically examined in detail in 
Chapter Three, a brief review of the tenets of this theory are summarised below. 
Typically, social interest is evidenced by our drive to preferentially orient attention to social 
signals such as people (Fletcher-Watson et al., 2008) and in particular, faces (Goren, Sarty & 
Wu, 1975; Johnson & Morton, 1991). For example, an eye tracking study by Fletcher-Watson et 
al. (2008) demonstrated that typically developed adults demonstrated a visual attentional bias to 
orient to a scene including a person, over a scene that did not. Furthermore, this social 
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orientation bias was evident on the very first fixation following presentation of the images 
suggestive of instantaneous capturing of attention and expeditious processing of social 
information. The study also found that orientation towards the face of the person in the scene 
was disproportionately high. This is no surprise however given the wealth of empirical evidence 
suggesting a typical affinity to attend to faces over non-facial stimuli. Faces appear to be a 
special class of stimuli. Only a few hours after birth, typically developing newborns demonstrate 
a preference for looking at faces or face like patterns over other stimuli, such as objects in the 
environment (Goren, Sarty & Wu, 1975; Johnson & Morton, 1991). This bias to attend to social 
stimuli and faces in particular is argued to have evolutionary value as it facilitates and enhances 
our ability to successfully navigate our collaborative social world (Chevallier et al., 2012).  
In contrast, ASC individuals demonstrate atypical social attentional preferences and 
demonstrate a lack of special interest for faces. Studies have repeatedly revealed that people 
with ASC have a tendency to fixate, not on social stimuli such as people, faces and eyes (which 
provide contextual clues critical to social understanding), but instead on socially irrelevant 
details, such as objects in the environment (Bacon et al., 1998; Joseph & Tager-Flusberg, 1997; 
Klin et al., 2002; Riby & Hancock, 2008; Sasson & Touchstone, 2014; Swettenham et al., 1998). 
This lack of attention to facial stimuli in particular has led to the notion that ER deficits in ASC 
are due to social attentional atypicalities (Begeer et al., 2006).  In support of this notion is the 
finding that once cued to attend to social stimuli, performance on face processing tasks 
improves (Begeer et al., 2006; Lopez et al., 2004).  
Atypical social orientation preferences not only feature in the core diagnostic criteria of ASC but 
also constitute one of the earliest markers of the condition, identifiable in six-month-old infants 
later diagnosed with ASC (Elsabbagh et al., 2012). As such, atypical social preferences reduce 
social appraisal experiences from very early on in infancy and potentially prevents, or at the 
very least disrupts, the development of social cognition during the earliest stages of 
development, which in turn is argued to lead to impoverished social processing and 
understanding. The assertion that atypical social motivation leads to impaired social cognition is 
supported by the assumption that attentional and motivation atypicalities (evident from six 
months) precede ToM deficits in ontogeny (Chevallier et al., 2012).  
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In addition to the behavioural evidence amassed for atypical social attentional preferences (see 
above and Chapter Three), findings from neuropsychology provide further support for disrupted 
social attentional bias. A number of cortical regions and networks are implicated in social 
motivation. The amygdala has been identified as involved in orientating attention to social 
stimuli including faces, the eyes and biological movement (Adolphs & Spezio, 2006). As such, 
amygdala dysfunction has been found to negatively affect the ability to ascribe meaning to 
social stimuli and prevents appreciation of the typical motivational and affective significance of 
stimuli (Fotheringham, 1991). Whilst the amygdala is implicated in detecting the significance of 
stimuli in our environment and orientates our attentional resources accordingly, the orbitofrontal 
cortex works to utilise this information in order to direct and modify our goal-directed behaviours 
(Holland & Gallagher, 2004). Enhanced social motivation in response to emotionally salient 
stimuli has also been found to positively correlate with orbitofrontal-amygdala activity (Schirmer 
et al., 2008). Evidence suggests that the orbitofrontal–amygdala circuit, especially in response 
to social stimuli such as faces, is abnormal in ASC (Bachevalier & Loveland, 2006) and this is 
posited as sub serving their atypical social orientation responses. For example, Schultz et al. 
(2000) found atypical orbitofrontal–amygdala activity during a face discrimination task in ASC 
individuals. Furthermore, a number of fMRI studies have demonstrated attenuated activation in 
the amygdala and fusiform gyrus (Grelotti et al., 2005; Koshino et al., 2008); areas which are 
not only associated with face and facial affect recognition but also with eye gaze. This 
consistent finding has led to the suggestion that deficient facial and facial emotion recognition in 
ASC could stem from reduced attention to the face and in particular the eye area of the face 
and that this in the result of neurological anomalies (Dalton et al., 2005).   
Neuropeptide systems, implicated in a number of functions including reward, social behaviours 
and learning are also found to be atypical in ASC. Of particular significance to the social 
motivation and attentional accounts of ASC is the finding that dopaminergic projections to the 
striatum and orbitofrontal cortex, argued to be central to mediating and representing the reward 
value we attach to social stimuli, is also found to be dysfunctional in ASC (Dawson et al., 2005). 
If social stimuli are not represented as intrinsically rewarding in ASC, then they will not be 
salient enough to capture attention in the typical way. This would, in turn, reduce the ASC 
individual’s experience with social stimuli and, as is proposed by social attentional and 
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motivational theories of ASC, reduced social appraisal experiences result in atypical 
development of social cognition.  
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CHAPTER THREE 
FACE PROCESSING 
 
Faces offer a rich and socially salient source of information. In addition to communicating 
information about identity, gender and age, faces convey information, which enable observers 
to infer behavioural intentions and provide one of the greatest sources of social and emotional 
information (Darwin, 1872). Since the face has been identified as the principal channel for 
communicating non-verbal information, research has predominantly focussed on the recognition 
of emotion from facial expressions (Harms, Martin & Wallace, 2010).  Facial expressions of 
affect have a communicatory function and provide us with important social information about 
how other people are feeling and how they may behave (Blair, 2003; Ekman, 1992). Therefore, 
the link between the recognition of facial expressions of emotion and effective social functioning 
is clear; without the capacity to recognise and interpret the outward manifestation of other 
people’s feelings, a capacity central to the regulation of social interactions, appropriate social 
responses are incredibly difficult to select and social reciprocity is almost impossible to achieve.  
One research avenue explored extensively is whether FER deficits derive from generalised 
atypicalities and impairments in face processing. Both quantitative and qualitative differences in 
ASC face processing have been reported. Research has found a number of aspects of face 
processing are atypical and impaired in ASC and some researchers suggest that this faulty 
facial processing system lies at the heart of FER difficulties (Harms et al., 2010; Hobson, 
Ouston & Lee, 1988; Langdell, 1978; Tantam et al., 1989). 
This chapter will first review the literature pertaining to the quantitative differences in face 
perception (studies which investigate how intact face processing is in ASC) before moving on to 
a discussion of observed qualitative differences (how face perception strategies are atypical in 
ASC).  
3.1. Quantitative differences in face processing 
The ability to recognise a familiar face has evolutionary importance. Despite the structural 
similarities shared by all faces, humans can very quickly determine whether an encountered 
face is familiar or not. This information enables them to access memories pertaining to that 
individual in order for them to decide whether approach or withdrawal strategies should be 
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adopted and to mediate their behaviour for desired social outcomes. The ability to recognise a 
familiar face is very early emerging, with neonates demonstrating a preference for their mother’s 
face over an unfamiliar (but similar) face before they reach a day old (Bushnell, Sai & Mullin, 
1989). This does not appear to be the case in ASC. Studies investigating the ability of ASC 
children and adults to remember previously viewed faces have consistently yielded results 
demonstrating impaired memory for faces (Boucher & Lewis, 1992; Boucher, Lewis & Collis, 
1998; de Gelder et al., 1991; Ewing, Pellicano & Rhodes 2013; Gepner, Gelder & Schonen, 
1996; Hauck et al., 1998; Klin et al., 1999; Kuusikko-Gauffin et al., 2011; Snow et al., 2011; 
Wallace, Coleman & Bailey, 2008; Williams, Goldstein & Minshew, 2005).  
For example, Boucher and Lewis (1992) demonstrated that ASC children were impaired in their 
ability to recognise previously viewed unfamiliar faces relative to matched non-ASC children. In 
experiment one, three groups of children (ASC, typically developing and non-ASC learning 
disabled) matched on age and non-verbal ability, were instructed to remember 30 black and 
white photographs of male and female faces. Following this encoding phase, the children then 
viewed the photographs a second time, however, during the testing phase, previously viewed 
photographs were paired with a foil (a novel face not used in the encoding phase) and were 
required to indicate which of the two faces had been seen previously. ASC children were 
significantly worse at identifying previously viewed faces than both the typically developing 
children and non-ASC learning-disabled children. Furthermore, no task ability differences were 
apparent between the learning disabled and typically developing children and there was no 
relationship between non-verbal ability and performance ability, suggesting that non-verbal 
ability does not mediate facial recognition ability. A second experiment investigated whether 
matching groups on verbal ability would yield different results. In this study, thirty-two children, 
sixteen autistic children (mean age thirteen years) and sixteen learning disabled children (mean 
age eleven years) matched on verbal ability, viewed black and white photographs of faces and 
buildings and were tested on their ability to recognise previously viewed stimuli presented to 
them in two presentation conditions; a timed condition, where each photograph was viewed 
briefly in isolation (much like the procedure used in experiment 1) and a discrimination 
condition; where children were required to match pairs of photographs from a 28 picture array. 
Results confirmed that, like non-verbal ability, verbal ability did not correlate with face 
recognition. Once again, ASC children were found to be impaired in their ability to recognise 
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previously viewed faces relative to their learning-disabled non-ASC counterparts. However, the 
ability to discriminate faces was not impaired. Analyses of error rates and time taken to match 
faces during the discrimination learning task found no differences between the ASC and non-
ASC groups. This finding suggests that ASC children are unimpaired in discriminating between 
faces and that memory for faces is impaired. Although error rates and time taken to 
discriminate/match faces was similar in both groups for face stimuli, ASC children were 
significantly faster at discriminating photographs of buildings than non-ASC children and made 
fewer errors, suggestive of superior discrimination ability in ASC. Furthermore, whilst face 
recognition memory in ASC was found to be inferior relative to controls, this was not the case 
for the non-social stimuli, suggesting a domain-specific (face) memory impairment in ASC. 
A study by Hauck et al. (1998) similarly demonstrated a face-specific recognition impairment in 
ASC, however, again, findings suggested that the deficit lay in the domain of face memory 
rather than face perception difficulties.  ASC children and non-ASC matched controls first 
completed a match-to-sample task, which involved matching pictures of faces to faces and 
houses to houses. ASC children were found to perform comparatively to non-ASC matched 
controls on this perceptual discrimination task. However, twenty minutes after the first study was 
completed, participants were then presented with images of faces and houses and were 
required to indicate which images they had seen in the earlier task. ASC children were 
significantly impaired in this task compared to controls on facial stimuli but not on non-facial 
stimuli (houses). Of all the tasks, the non-ASC children performed best on the memory for faces 
task, reflective of expertise for faces in typically developing children, however this was not the 
case for the ASC children.  
Snow et al. (2011) offered further support for the domain-specific visual memory impairment for 
faces in ASC, this time in HF ASC adolescents. Snow et al. (2011) compared recognition 
performance for briefly presented photographs of unfamiliar faces and non-social stimuli 
(mechanical fans). Photographs were presented briefly (for 2500ms) one at a time in five blocks 
(six photographs per block) in the encoding phase. Following encoding, participants viewed 
twelve photographs (six target photographs used in the encoding phase and six novel 
photographs to act as foils) and indicated whether they had previously viewed the stimuli. 
Results corroborated Boucher and Lewis’ (1992) findings, with ASC adolescents recognising 
previously viewed non-social stimuli significantly better than previously viewed faces.  Although 
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ASC participants were significantly less accurate identifying previously viewed faces when 
compared to typically developing age and IQ matched controls, no group ability differences 
were evident with non-facial stimuli. These results have been replicated by other studies of 
face-non face memory in ASC adolescents (McPartland et al., 2011). 
Collectively, these studies provide robust evidence for a domain-specific memory impairment for 
faces in ASC. However, studies which assessed discrimination of faces with no memory 
demands (e.g. sample-to-match tasks) and memory for faces and non-social stimuli in the same 
study, provide results which point to a face-specific memory impairment in ASC, rather than 
facial perception impairments, as demonstrated by the differential results in the sample-to-
match (no memory demand) and new-old memory (memory demand) tasks. A number of 
studies employing simple perceptual matching tasks (with no memory demands) have also 
found no differences between ASC individuals and matched controls (Deruelle et al., 2004; 
Ozonoff et al., 1990). Therefore, the consensus is that for simple face matching tasks which 
involve no memory demands, face perception appears unimpaired in ASC, whilst face 
recognition memory is deficient. When face perception tasks do not simultaneously present 
sample and match stimuli together however, therefore imposing a delay which recruits memory 
demands, impairments in ASC become apparent. Wallace, Coleman and Bailey (2008) found 
that ASC individuals were as able as matched controls to discriminate cars but performed 
significantly worse with facial stimuli. Even when the time delay imposed between sample and 
match stimuli is minimal, face-specific perceptual impairments are found in ASC. For example, 
Wolf et al. (2008) presented face stimuli for one second followed immediately by the 
presentation of either a same or different three quarter view of the face.  ASC children were 
impaired on this face task relative to non-ASC matched controls. However, when the same task 
used pictures of cars, no difference was evident between the groups. Results such as these 
have been replicated in a number of studies, all of which found a face specific perceptual deficit 
in ASC with non-simultaneous presentation of stimuli (Wilson et al., 2010a). 
More complex perceptual tasks with no memory recruitment have also been found to present a 
problem in ASC. Tantam et al. (1989) found that ASC children performed significantly worse 
than a control group in an odd one out task. Participants viewed an array of four faces where 
either identity or emotion differed in one of the four faces. The children were required to find the 
odd one out, and results showed that ASC children performed more poorly across conditions 
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relative to controls.  In addition, both groups of children performed better on the identity 
discrimination task than the emotional expression discrimination task. The pattern of results 
suggested that the impaired performance of the ASC group on the ER task as opposed to the 
identity task led to the main group effect pointing to particular difficulties with interpreting 
communicative facial cues.  
Researchers have demonstrated that face identity recognition can also be problematic in ASC 
when recognition is dependent on the upper region of the face (Langdell, 1978; Riby et al., 
2009). Typically, the upper face region (including the eyes) has been found to be more salient 
than lower facial regions (including the mouth) for remembering previously viewed faces 
(McKelvie, 1976; Pellicano, Rhodes & Peters, 2006). However, in stark contrast, Langdell 
(1978) found that ASC individuals were impaired in their ability to recognise familiar faces when 
only the eye region was available. Similarly, Riby et al. (2009) also found a diminished upper 
face advantage for non-familiar faces in ASC. In this study, participants viewed an unfamiliar 
face and were required to match it to a partially simultaneously presented face where either the 
lower or upper facial region only was available. In contrast to matched non-ASC controls, the 
ASC group performed poorly across both conditions and whereas the control groups 
demonstrated a performance superiority for matching faces with the upper face region, there 
were no performance differences between lower and upper face regions in the ASC group. 
There appears therefore to be a lack of upper face advantage in ASC. Support for an eye 
specific recognition deficit in ASC comes from a second task in this study. In this task, facial 
features (eyes or mouth) of one of two simultaneously presented images were manipulated at 
either the featural or configurational level. Featural changes involved switching either the eyes 
or mouth with those of another person (similar in appearance) whereas configural changes 
involved manipulating the spacing between the eyes (wider or closer together) or the mouth 
(closer to the nose or further away from the nose). When participants were required to point to 
the facial aspect which was different, non-ASC matched controls detected eye modifications 
significantly better than mouth region changes whereas the ASC group showed the opposite 
trend. This pattern of results confirms the earlier findings of Wolf et al. (2008) who manipulated 
eye-to-eye and mouth-to-mouth distance at the configural level and eye and mouth size at the 
featural level and found that the ASC group were as sensitive to mouth modifications (at both 
the featural and configuration levels) as non-ASC matched controls but not to eye modifications.  
49 
 
The research suggests therefore that face identity recognition in ASC is disrupted when 
memory demands are involved (but this does not appear to generalise to non-face stimuli) and 
when recognition is dependent on the eye region. Particular difficulties with the upper face 
region in ASC is not surprising given that lack of eye contact in this clinical population is 
characteristic of the condition (Jones, Carr & Klin, 2008). Furthermore, atypical experience with 
the eye region and atypical salience of this region when appraising faces may explain the 
difficulties ASC individuals have when recognising facially expressed emotions since a number 
of emotional expressions are primarily communicated via the eyes (Spezio et al., 2007). 
Findings of deficient face processing in ASC have led researchers to investigate why face 
processing is impaired and the following section of this chapter is dedicated to a review of 
studies investigating the differential processing strategies in ASC that may account for these 
impairments. 
3.2. Qualitative differences in face processing 
The literature above, discussing quantitative differences in face processing, suggest that 
aspects of face processing are impaired in ASC and deficient facial recognition abilities are 
argued to play a critical role in the social deficits which characterise the condition (Dawson, 
Webb & McPartland, 2005; Schultz, 2005). However, what is important to understand if 
clinicians have any chance of remediating these deficiencies is why face recognition in ASC is 
impaired. These quantitative differences in face processing could arise for different reasons. For 
example, impairments could be due to reduced social attentional preferences (lack of 
experience and practice with faces) or it could be that ASC individuals attend to faces typically 
but adopt atypical and less effective face processing strategies. These questions are reviewed 
below. 
 
3.2.1. Atypical social bias 
One qualitative difference in face processing predicted and empirically demonstrated is atypical 
gaze behaviour to social stimuli. Facial processing, facial recognition and FER are highly 
developed visual perceptual abilities which are reliant on specialised brain circuitry (Pitcher, 
Walsh & Duchaine, 2011; Tsao, Moeller & Freiwald, 2008). However, in order for these highly 
specialised face neural networks to develop, the system relies on face input and therefore 
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experience with faces is considered critical to becoming a face expert (Leppanen & Nelson, 
2009; Sasson, 2006; Schultz, 2005). 
As previously discussed, the social attentional and motivational theories suggest that face 
processing deficits arise because ASC individuals do not preferentially attend to social stimuli 
and as a result, experience with faces is limited which prevents normal development of face 
processing abilities (Chevallier et al., 2012; Dawson et al., 2005; Grelotti, Gauthier & Schultz, 
2002). This explanation of qualitative differences in visual attentional bias between ASC and 
non-ASC individuals is also shared by ToM theorists who suggest that in addition to reduced 
facial recognition abilities, an appreciation of another’s gaze behaviour (only possible if the face 
and in particular the eye region is attended to) allows us to learn to attribute desires and 
intentions to other people and as such is a precursor to the development of a ToM (Baron-
Cohen et al., 1995; Butterworth & Jarrett, 1991). Furthermore, reduced attention to faces would 
lead to FER impairments, argued to be another demonstration of a deficient ToM (Baron-Cohen 
et al., 2001). Researchers positing an empathy imbalance in ASC would also predict qualitative 
differences in attentional bias to social stimuli, but would argue that ASC individuals actively 
avoid attending to the facial region in order to avoid over-arousal. A posited surfeit of AE in ASC 
would elicit aversive responses to emotional stimuli and therefore actively avoiding faces and 
instead preferentially attending to non-emotional objects would be a distractive strategy to 
counter these effects (Capps et al., 1993; Smith, 2009). 
3.2.2. Gaze behaviour and attentional bias in ASC 
As described in Chapter Two, typically, faces appear to be a special class of stimuli. Only a few 
hours after birth, typically developing neonates demonstrate a preference for looking at faces 
over other stimuli (Goren, Sarty & Wu, 1975; Johnson & Morton, 1991). Results yielded from 
neuropsychological studies (Calder & Young, 2005; De Renzi et al., 1994) suggest that this 
pervasive bias to orient visual attention to faces leads to greater experience with faces and in 
turn enables the development of a cortical network specialised solely for face perception. This 
highly specialised neural network enables humans to perceive, process and categorise highly 
complex face stimuli quickly and effectively in order to navigate their social world (Leppanen & 
Nelson, 2009; Sasson, 2006; Schultz, 2005). If however, this bias to attend to faces is 
disturbed, resulting in reduced face appraisal experience, then it follows that the development of 
this specialised neural circuitry would be impaired and would lead to impoverished face 
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processing abilities. Some researchers argue that this is the case in ASC (Weigelt et al., 2012). 
A lack of interest in faces in ASC was first noted in early descriptions by both Kanner (1943) 
and Asperger (1991). Subsequent studies have demonstrated that people with ASC have a 
tendency to fixate, not on the human face but instead on socially irrelevant details (Klin et al., 
2002; Sasson & Touchstone, 2014; Swettenham et al., 1998). This atypical gaze behaviour, 
apparent from the very first months of life (Swettenham et al., 1998) has been argued by social 
attention and motivation theorists (Chevallier et al., 2012) to be the result of abnormal social 
preferences, and, due to the resultant reduction in face appraisal opportunities may impede 
typical development and play a role in the socio-emotional processing impairments 
characteristic of ASC (Riby, Doherty-Sneddon & Bruce, 2008).   
For example, Swettenham et al. (1998) found that twenty month old ASC infants looked less at 
faces and more at objects than non-ASC infants, suggestive of early onset social attention 
abnormalities in ASC.  Swettenham et al.’s (1998) findings offer a potential explanation for 
disrupted social learning developmental trajectories and subsequent impoverished face 
processing abilities in ASC. Klin et al. (2002) observed a similar pattern of non-social attentional 
preferences in ASC adolescents and adults, suggesting that ASC atypical attentional bias 
continues into adulthood. Whilst viewing dynamic video clips of social scenes, Klin et al. (2002) 
found that ASC individuals fixated twice as long on socially irrelevant details and less time 
orientating attention towards the faces of those in the social scene than did matched non-ASC 
controls who demonstrated normative social orientation.  
However, some studies using static stimuli as opposed to dynamic video clips have failed to find 
differential eye gaze behaviour in ASC. van der Geest et al. (2002a) presented children with 
photographs of human faces expressing emotional expressions and found that the gaze fixation 
patterns of ASC children did not differ from those exhibited by non-ASC controls matched on 
chronological age, verbal mental age and no-verbal mental age. All participants fixated more on 
the eye region than other face regions or on non-facial stimuli.  
The contradictory findings offered by Klin et al. (2002) using dynamic stimuli and van der Geest 
et al. (2002a) using static stimuli led to questions being raised as to the effect of stimulus type 
or nature on gaze behaviour in ASC. Speer et al. (2007) conducted a study in order to directly 
address whether face processing deficits in ASC were due to the type of stimuli used in 
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empirical studies. Adopting an eye tracking paradigm, Speer et al. (2007) compared the gaze 
behaviour of HF ASC children and non-ASC matched controls across a number of conditions; 
social dynamic (video clips of characters interacting), social static (photographs taken from the 
video clips showing characters interacting), isolated dynamic (video clips of a character shown 
talking to him/herself or to another character not in shot) and isolated static (photographs taken 
from the isolated dynamic video clips). Findings supported Klin et al. (2002); when faced with 
dynamic video footage of characters interacting with one another, ASC participants in spent 
significantly less time compared to controls looking at the eyes of the characters and spent 
more time relative to controls looking at the character’s body. Comparisons of gaze behaviour in 
all other conditions however did not differ between groups and therefore also confirmed van der 
Geest et al.’s (2002a) findings of normative gaze behaviour for isolated static social stimuli. It 
appears that gaze behaviour in ASC only becomes atypical if the social scene being viewed is 
both realistic and social in nature. This finding fits nicely with the empathy imbalance hypothesis 
of ASC (Smith, 2009). ASC individuals may not spontaneously attend to particularly salient 
features of their social environment in order to limit their empathic arousal and the subsequent 
discomfort this causes.  
To summarise, research suggests that indeed, there is a face-specific recognition impairment in 
ASC, with deficits observed in memory for faces (Boucher & Lewis, 1992; Hauck et al., 1998; 
McPartland et al. 2011; Snow et al., 2011). Furthermore, atypical neural functioning in response 
to viewing faces has been observed in ASC (Hubl et al., 2003; Piggot et al., 2004). Empirical 
evidence suggests an attentional bias in ASC for non-social information over social information 
(such as faces) especially when the social stimuli is dynamic and more naturally occurring. 
Collectively, these findings suggest that disturbed face-specific neural circuitry development in 
ASC may result in part, from reduced experience with facial stimuli as a result of atypical 
attentional bias.  
3.2.3. Atypical face scanning in ASC 
Although the section reviewed above highlights atypical and attenuated preferences for social 
stimuli, some studies have demonstrated that ASC individuals do attend (under certain 
conditions) to social stimuli such as faces. Although findings are non-equivocal, a large number 
of studies suggest that when ASC individuals do look at faces, they do so in an atypical manner 
(Boraston & Blakemore, 2007). Typically, when people view faces, there is a bias towards 
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fixating on the eye region and then on other core facial features such as the nose and mouth, a 
region known as the “face triangle” (Luria & Strauss, 1978). This orientation of visual attention 
towards the eyes is argued to have evolutionary (the detection of another’s eye gaze can 
provide threat cues) and social (eye contact mediates social interactions) value (Baron-Cohen, 
1995; Kleinke, 1986). Furthermore, Batki et al. (2000) found that even neonates at just a few 
hours old, showed a preference for looking at pictures of faces with eyes open as opposed to 
eyes closed and Walker-Smith, Gale and Findlay (1977) found that normative visual scan paths 
that arise when adults look at faces, lean heavily towards fixations on the core facial features 
(eyes, nose and mouth), with two thirds of these fixations being directed towards the eye region.  
In contrast, have yielded results suggesting that there is a tendency for ASC individuals to focus 
less on the eye region of the face (Dalton et al., 2005; Klin et al., 2002b; Langdell, 1978; 
Pelphrey et al., 2002;) and more on the mouth and lower face regions (Klin et al., 2002b; 
Langdell, 1978; Spezio et al., 2007). Langdell (1978) was one of first researchers to investigate 
atypical face processing in ASC. In a study into face identity recognition, Langdell observed that 
young ASC children were less adept at recognising the identity of a familiar face when they 
were presented with the upper regions of the face only (such as the eyes) compared to typically 
developing matched controls. However, when identifying faces from the lower regions of the 
face, ASC children were superior to controls, suggestive of differential face processing 
strategies. The more recent adoption of eye tracking technology has allowed researchers to 
more accurately uncover the strategies used when appraising faces in ASC and offer support to 
Langdell’s (1978) finding. For example, Pelphrey et al. (2002) observed that ASC adults 
attended less to the core facial features of static emotionally expressive face images (including 
the eyes, nose and mouth) and more to the non-core facial regions. This finding was replicated 
with ASC children in Riby and Hancock’s (2008) study, highlighting that ASC children looked 
less at the face and eye region of a static photograph relative to verbal and non-verbal matched 
non-ASC controls. Furthermore, in the Klin et al. (2002) study described above, ASC 
adolescents and adults were found to fixate twice as long on the mouth region and half as long 
on the eye region than did matched non-ASC controls. Klin et al. (2002) concluded that ASC 
individuals rely more heavily on the mouth region in order to come to a decision about emotions 
communicated facially at the expense of the more normative eye region.  Klin et al.’s (2002) 
findings are important as their paradigm demonstrated the differential way ASC and non-ASC 
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appraise social scenes. The stimuli used (video clips of social interactions) offered some degree 
of ecological validity and participants were not explicitly directed to attend to the faces in the 
social scene.  Other studies using static stimuli (photographs of faces) and tasks which explicitly 
demand that participants attend to the face have also found attenuated eye region fixations in 
ASC (Dalton et al., 2005; Pelphrey et al., 2002; Spezio et al., 2007). For example, Gross (2004) 
observed that ASC children used the lower regions of the face when judging emotional 
expressions and, whereas FER performance in non-ASC controls was facilitated by the 
presentation of the whole face (rather than isolated regions only), ASC individuals demonstrated 
no further gains.  
Furthermore, Spezio et al. (2007) observed atypical featural fixations to the eye and mouth 
regions and an enhanced propensity to saccade away from the eye region for emotionally 
expressive static faces. Using a bubbles paradigm which allowed the researchers to limit the 
amount of face information available, they tracked the eye movements of participants during a 
task which involved making a judgement as to whether a face was showing a happy or fearful 
emotional expression. Results highlighted that although HF ASC adults were as accurate as 
and as fast as age matched non-ASC controls in making simplistic emotion judgements, they 
fixated less on the eye region and made fixations to the mouth even when information from the 
eyes would have aided their emotion judgement. Spezio et al. (2007) observed that the high 
incidence of saccades away from the eye area was associated with task-specific information 
being present in the eyes. This finding appears to support the empathy imbalance hypothesis 
since it suggests that ASC individuals avert their gaze away from the eyes especially when 
emotive information is present. In addition to behavioural observations of eye gaze aversion, 
Gernsbacher and Frymiare (2005) reported a number of examples of ASC individuals reporting 
that eye contact is painful for them because they are emotionally significant. In support of 
anecdotal reports of discomfort from eye contact, Kylliananen and Hietanen (2006) provided 
psychophysiological evidence that ASC individuals actively avoid eye contact with other people 
as a way to decrease empathic arousal.  Finally, according to Dalton et al. (2005), “face-
processing deficits in autism arise from hyper activation in the central circuitry of emotion that 
produces heightened sensitivity to social stimuli” (p. 524). Such reluctance to appraise the eyes 
of others offer an explanation for face and emotional processing difficulties in ASC.  
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As will be discussed later, the eye region (both the eyes and the eye brows) is particularly 
important in the communication of fear (Dimberg & Petterson, 2000) whereas other emotions 
(e.g. happiness) can be recognised from the mouth alone (Ekman & Friesen, 2003). Since ASC 
individuals are found to recognise happiness relatively easily (Baron-Cohen et al., 2000; Rump 
et al., 2009) whilst fear is problematic (Boraston & Blakemore, 2007; Pelphrey et al., 2002), eye 
region aversion appears a plausible explanation for this phenomenon. Furthermore, non-ASC 
patients with amygdala lesions demonstrated both attenuated fixations to the eye region and 
difficulties recognising fearful facially expressed emotions (Adolphs et al., 2005) reaffirming the 
link between atypical amygdala functioning and face processing which has obvious implications 
for ASC populations who also present with atypical amygdala activation (Baron-Cohen et al., 
2000) and atypical face processing abilities (in particular the recognition of fear).  
3.2.4. Face processing strategies in ASC 
Other theorists attribute facial processing deficits to pervasive processing atypicalities. The 
ES/EMB theory would expect ASC individuals to adopt a systematic rather than intuitive 
approach to the analysis of facial stimuli; breaking the face down into its constituent parts and 
looking for causal relationships between facial features (Baron-Cohen, 2006). Likewise, the 
WCC theory would predict that faces may be attended to but when they are, face processing 
would be characterised by the less efficient detail-focussed processing bias (Happe & Frith, 
2006). This domain-general bias when applied to visual stimuli that is both complex and 
perceptually homogenous, is argued to lead to less efficient processing since stimuli of this type 
is better suited to the sensitivity of holistic processing. Furthermore, the EDRG theory would 
posit that the hyper-sensitivity to differences and deficient categorical processing would lead to 
difficulties in applying the knowledge gained through experience to new instances of that face 
being viewed (different facial expressions, head positions etc.). Since this theory offers that this 
detail-focussed processing style is domain-general, any complex stimuli with a large number of 
commonalities (in addition to faces) would also suffer from deficient processing (Ewing, 
Pellicano & Rhodes, 2013).  
The research findings by Gross (2004), that in ASC there are no performance gains of 
presenting whole faces as opposed to isolated areas, suggests that, in ASC, there is more of a 
reliance on individual facial features during face processing. Behavioural and 
neuropsychological research findings indicating slower processing times also point to faces 
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being processed in a more deliberate and effortful manner, rather than intuitively. Even in face 
processing tasks where there are no observed accuracy differences between ASC and non-
ASC participants, ASC groups have been found to be slower at reaching judgements pertaining 
to identity and gender (Behrmann, Thomas & Humphreys, 2006) and emotion labelling (Capps 
et al., 1992). Evidence for slower face processing is also provided by an event related potential 
study which found that the N170 waveform, typically elicited when we view facial stimuli, has a 
longer latency in ASC individuals, indicative of slower information processing of faces 
(McPartland et al., 2004). Therefore, whereas typically, people appraise faces intuitively, ASC 
individuals may adopt rule based strategies to make identity or emotion judgements.  
Walsh, Vida and Rutherford (2014) demonstrated that rule based strategies are adopted in ASC 
when judging facial expressions of emotion and argued that these strategies compensate for 
the lack of intuitive face appraisal processes seen in typically developing individuals. When we 
see an emotionally expressive face, we automatically and intuitively infer the emotional state of 
the person communicating the expression by matching the overall facial configuration to a 
prototype held for that emotion category. However, Walsh et al. (2014) argue that ASC 
individuals adopt a systematic rule based matching strategy; painstakingly matching each facial 
feature appearance (i.e. corners of the mouth raised for happiness) against a memorised list of 
characteristics which they hold as defining that expression. The more characteristics that are 
present in a viewed expression or the more intense those characteristics are, the easier it will 
be for the ASC individual to correctly label the emotion being communicated. To test this 
prediction, Walsh et al. (2014) presented ASC adults with images of facial expressions of 
varying intensities. Emotion expression exemplars of happy and sad were manipulated so that 
each face was presented at 100%, 150%, 200%, 250% and 300% intensity. Pairs of different 
intensities were then presented to participants who indicated which of the images provided a 
better representation of how a person would look when they were feeling that emotion. ASC 
participants indicated that the most exaggerated exemplar (300%) of both happy and sad faces 
were more representative significantly more than did matched non-ASC controls. The 
amplification of the emotion exemplar defining characteristics in the exaggerated images 
appeared to lead the ASC group to consider the exemplar as a better representation of happy 
and sad than the typically expressed examples. Such a tolerance to exaggeration suggests that 
ASC individuals use a rule-based tick list type strategy to process the expression. The more 
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exaggerated and obvious the characteristics are, the more it is considered appropriate. If the 
participants were employing a more typical automatic prototypic matching strategy, exaggerated 
faces would be rejected as not being compatible with the prototype for that expression, as was 
the case for the non-ASC participants. This finding again supports the notion that a failure to 
attend preferentially to faces from very early on in development prevents the development of 
face specialised brain circuitry and therefore disrupts the ability to intuitively and automatically 
process emotive facial stimuli (Dawson et al., 1998). It is plausible therefore that ASC 
individuals systematically and explicitly learn the rules for facial expressions of emotions.  The 
findings of this research are important for two reasons; firstly, from a clinical point of view, 
findings suggest that interventions aimed at improving FER abilities in ASC should teach the 
rules of each emotion exemplar in order to cater for the perceptual and cognitive strategies 
typically employed. Allowing ASC individuals to learn and then practice their cognitive based 
strategies may enhance subsequent FER abilities. Secondly, if ASC individuals adopt 
compensatory strategies to process faces, this has a bearing on the contradictory results in the 
domain of FER in ASC (to be discussed in Chapter Four). Studies using tasks which present 
expressions briefly may be more effective at highlighting deficiencies since they do not offer a 
sufficient amount of time to appraise the emotions using their rule-based strategy. When 
however, ASC individuals have no time restraints, strategies can be employed in order to 
answer questions accurately (Walsh et al., 2014).   
As discussed in Chapter Two, human faces are typically and more effectively processed as a 
single configural stimulus rather than as a number of isolated features (Todorov, Loehr & 
Oosterhof, 2010).  The ability to effectively process faces in a gestalt like manner however 
develops qualitatively during most of childhood (Taylor, Batty & Itier, 2004). Face categorisation 
in childhood involves a more piecemeal approach whereby children rely predominantly of 
prominent facial features, however, as the child ages, face specific neural circuitry develops and 
they become face experts. This face specific expertise allows them to process faces configurally 
with information taken primarily from the relationships that exist between the facial features 
rather than from the shapes of each isolated feature (Maurer, LeGrand & Mondloch, 2002). This 
pattern of development, from featurally based to configural is reflected by the qualitative 
improvements typically seen in FER. Four months old infants are able to distinguish basic 
emotional expressions (e.g. happy), whereas more complex and emotions are not usually 
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enabled until later in development once configural processing strategies become the norm 
(Bornstein & Arterberry, 2003; Vicari et al., 2000).  Once this stage is reached, FER becomes 
more accurate and faster (Rump et al., 2009). A configural processing style allows for more fine 
grained discriminations between faces and facially expressed affect, which are structurally 
similar. Configural processing allows us to pick up on very slight distortions of the facial feature 
spatial relationship information in order to make subtle discriminations between both faces 
(identity) and emotional expressions (Tanaka & Farah, 1993; Thomas et al., 2007).  
 As discussed in the review of the WCC theory, ASC individuals have a propensity for feature 
based processing (Happe, 1996) and it is offered that this processing bias when applied to face 
stimuli (which share more commonalities than differences), may explain deficient face and FER 
processing in ASC (Karatekin, 2007). If the ASC individual is fixating on isolated facial features 
separately, and in particular on features which may not effectively convey critical information 
(e.g. the mouth area), then it follows that face processing and FER will be less effective 
(Behrmann et al., 2006; Neumann et al., 2006), since they could miss critical communicatory 
information from the differential spatial relationships that characterise a person’s identity or an 
emotion’s physical manifestation.   
Evidence for featural over configural face processing strategies in ASC come from the 
previously discussed face inversion effect (FIE) (Leder & Bruce, 2000; Yin, 1969). In ASC there 
is evidence of an attenuated FIE, or in other words, task performance (such as identity 
recognition) in ASC groups is found to be less disrupted by face inversion than it is in non-ASC 
groups (Boucher and Lewis, 1992; Davies et al., 1994; Dimitriou et al., 2015; Hauck et al., 1998; 
Langdell, 1978; Tantam et al., 1989; Teunisse & de Gelder, 2003). This has also been found to 
hold true when ASC children are required to attribute a basic emotional expression (happy, sad 
or angry) to an inverted face (Rosset et al., 2008). In fact, studies have found that ASC children 
are more accurate than non-ASC matched controls in sorting identity and emotional 
expressions when they are presented upside down (Hobson, Ouston & Lee, 1988). Similar 
findings of inverted face superiority have also been evidenced when ASC children complete an 
emotional expression labelling task (Tantam et al., 1989). Since the FIE is taken as a measure 
of configural processing, an attenuated FIE is taken as evidence for the adoption of a feature-
based processing strategy in ASC. In ASC, facial recognition tasks are performed as well for 
upright faces as they are for inverted faces. However, results are conflicting. Typical FIEs in 
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ASC have been reported in a number of studies (Riby et al., 2009; Scherf et al., 2008) and 
therefore the picture emerging from FIE studies remains unclear. What is clear however is the 
evidence from neuroimaging studies which have found atypical neural activation patterns in 
response to object and face stimuli in ASC, indicative of feature-based face processing. An 
fMRI study by Schultz et al. (2000) found that HF ASC individuals demonstrated significantly 
more activation in the right inferior temporal gyri (typically elicited in response to object 
perception) during a face discrimination task and significantly less activation in the right fusiform 
gyrus (typically associated with face processing) relative to matched non-ASC controls. This 
pattern of neural activity suggests that ASC individuals perceive and process faces as though 
they were objects using a segmented approach. Furthermore, whereas the N170 negative ERP 
component associated with face processing typically has a longer latency when people view 
inverted faces (indicative of a switch from configural to feature-based processing), McPartland 
et al. (2004) found no evidence of increased latency in an ASC group. This finding suggests that 
inverting a face does not interfere with processing strategies in ASC as it does in non-ASC 
individuals and this is taken as evidence of feature-based processing in both upright and 
inverted faces in ASC.  
Another paradigm offering support for deficient configural processing in ASC assesses the 
sensitivity to spatial differences between facial features. ASC children are found to struggle with 
eye-eye distance manipulations relative to non-ASC controls (Wolf et al., 2008).  Similarly, 
Rutherford et al. (2007) found impaired discriminations of eye-to-eye spacing in ASC whereas 
mouth-to-nose spacing discriminations were found to be unaffected.  In addition, evidence 
suggests a high spatial frequency bias (as opposed to the typical low frequency bias) in ASC 
during facial encoding, indicative of feature-based processing strategies (Deruelle et al., 2006)  
3.3. Summary  
ASC children and adults show typical recognition for non-social stimuli but deficient skills for 
faces. More specifically, face processing is disrupted when memory demands are involved, 
when facial information is naturalistic and socially salient, when recognition is dependent on the 
upper regions of the face and in particular the eye region and when facial stimuli is emotionally. 
ASC individuals have a propensity to look more at non-social objects than faces and when they 
do attend to the face, they fixate less on the eye region and more on lower facial regions. Face 
processing impairments appear to be independent of visual discrimination abilities and cognitive 
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abilities and both behavioural and neuropsychological studies suggest that faces are processed 
as objects rather than as “special” faces at the neural level. Furthermore, the lack of intuitive 
prototypic categorisation ability appears to lead to the adoption of rule-based compensatory 
strategies which may mask face processing impairments and account for null findings in some 
face and FER studies. Collectively, the evidence suggests that face processing is atypical in 
ASC across the spectrum (affecting both low and high functioning individuals), is pervasive 
across the lifespan, and is offered as an explanation for deficient processing of facially 
communicated affect in ASC.  
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CHAPTER FOUR 
EMOTION RECOGNITION 
 
Understanding the emotional states of others is critical for effective social functioning (Denham 
et al., 2003) and as such, impaired ER capabilities are often argued to underpin the social 
difficulties experienced in ASC. An impaired appreciation and sharing of another person’s 
emotions can lead to difficulties in interpersonal relations and intersubjectivity, such as 
experiencing shared emotional understandings of situations, and this lack of experience can 
negatively impact cognitive, language and emotional capacity (Yirmiya et al., 1992). ER 
difficulties in ASC can therefore have a cascade of effects in a number of ASC symptoms and 
domains. 
Since Leo Kanner’s early qualitative observations of an apparent disinterest towards other 
people’s faces and his assertion that affective contact between autistic children and others was 
disturbed (Kanner, 1943) and subsequently, Hans Asperger’s referral to a “paucity of facial and 
gestural expression” (pg. 69, Asperger trans. 1991), there has been a wealth of research into 
better understanding and remediating ER deficits in ASC. ER deficits are presumed to be 
common in ASC (Uljarevic & Hamilton, 2013). The DSM-IV-TR (APA, 2000) refers to impaired 
recognition and processing of emotion in ASC and includes mention of difficulties using and 
interpreting non-verbal behaviours such as facial expressions of emotion (APA, 2000). 
Cognitive, behavioural and neuroimaging paradigms have been adopted to identify the nature of 
deficits in ER across different sensory modalities. Results indicate impairments in gestural and 
postural (Annaz et al., 2010; Atkinson, 2009), contextual (Dennis, Lockyer & Lazenby, 2000), 
vocal (Kleinman, Marciano & Ault, 2001; Paul et al., 2005; Rutherford, Baron-Cohen & 
Wheelwright, 2002), facial (Celani, Battacchi & Arcidiacono, 1999; Harms et al., 2010; 
Macdonald et al., 1989, Tantam et al., 1989;) and multi-modal (Braverman et al., 1989; Heavey 
et al., 2000; Klin et al., 2002a, 2002b) ER. As such, this chapter is dedicated to reviewing the 
literature pertaining to ER in both typically developing and ASC individuals. Since the facial 
region provides one of the greatest sources of emotional information (Golan & Baron-Cohen, 
2007), this chapter predominantly focuses on the recognition of emotion from facial 
expressions.  
62 
 
ER is a multi-sensory process (Klucharev & Sams, 2004), which involves the detection of an 
emotion from a voice, gesture or facial expression, discrimination of that emotion and, crucially, 
successful interpretation of that information to come to a decision about how that emotion might 
influence the thoughts or behaviours of the person expressing the emotion (Walker-Andrews, 
1997). Recognising and interpreting the emotions of others helps people navigate the social 
world and also has adaptive and survival value. For example, emotional cues provide important 
information that can help us decide whether approach or withdrawal strategies should be 
followed and guide our responses to others in a socially acceptable way (Izard et al., 2001). In 
fact, theorists (for example; Chevalier-Skolnikoff, 1973, van Hooff, 1973) argue that ER abilities 
have evolved in humans and non-human primates for the purpose of effectively guiding social 
behaviours. Research lends support to the importance of ER in effective social functioning with 
evidence suggesting that the ability to accurately detect and understand the emotional state of 
others is vital for fruitful inter-personal relationships (Denham et al., 2003). It is not surprising 
therefore that ER capabilities begin to develop very early on in childhood and have been found 
to be critical for social adjustment and subsequent adeptness in social competence (Williams, 
Gray & Tonge, 2012). The reverse is also true; poor ER capabilities in early childhood have 
been found to be related to higher levels of behavioural issues (Blair & Coles, 2000) and 
impeded development of social skills (Izard et al., 2001).  
4.1. Emotion Recognition (ER) Typical Development 
Typically, ER abilities are seen from a very early age (Tracy & Robins, 2008) and proficiency 
improves with age (Rump et al., 2009; Thomas et al., 2007). Furthermore, the developmental 
trajectory of acquisition of ER skills is emotion-dependent, with mastery of happiness occurring 
early on and full expertise in recognising surprise and fear developing last (Herba & Phillips 
2004). Infants as young as ten weeks old have been found to demonstrate an ability to 
discriminate between the emotions of happiness, sadness and anger, when expressed facially 
and vocally by their mothers (Haviland & Lelwica, 1987). Walker-Andrews (1998) also observed 
sensitivity to the facial expressions of happiness, sadness and anger in infants as young as four 
months old. By four years of age, children have the ability to accurately name facially expressed 
emotions of happiness, sadness and anger and are beginning to show an aptitude for the 
recognition of fear and surprise (Widen & Russell, 2003). By the time a child reaches the age of 
ten, their aptitude for recognising facially expressed prototypic emotion compares to, or is close 
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to that seen in adults (Mondloch et al., 2003). Speed, accuracy and the ability to recognise 
subtle facial manifestations of affect continue to develop during late childhood and adolescence 
with typically developing individuals reaching full competence by adulthood (De Sonneville et 
al., 2002). 
4.2. Emotion Recognition (ER) Development in ASC 
Studies examining the infant and early childhood stages of the ER developmental trajectory in 
ASC are difficult to find since ASC is not reliably diagnosed before the age of two and is often 
quite a lot later (Mandell et al., 2005). The literature on ER proficiency in ASC is extensive, 
however the vast majority describe studies which examine the phenomenon in older children 
and adults. In a recent meta-analysis (Uljarevic & Hamilton, 2013), 71% of studies meeting the 
criteria for analysis investigated ER in participants aged 12 years or older.  Early markers of 
ASC have however been established which are indicative of ER atypicalities in infancy and 
early childhood. For example, delayed or disordered ER-adaptive behaviours such as social 
smiling, looking at faces, gesture use and coordination of verbal and nonverbal behaviours are 
all early warning signs identified in ASC (Baranek, 1999; Colgan et al., 2006; Landa, Holman & 
Garrett-Mayer, 2007; Osterling & Dawson, 1994, Ozonoff et al., 2010; Werner & Dawson, 2005; 
Yoder et al., 2009). In a prospective longitudinal study, Ozonoff et al. (2010) compared the 
frequency with which ASC infants (infants who later received an ASC diagnosis) and non-ASC 
infants (infants who did not subsequently receive an ASC diagnosis) engaged in ER-adaptive 
behaviours such as looking at faces and sharing smiles.  The study found no differences in 
behaviour frequency between the ASC and non-ASC infants up to six months of age. However, 
whereas behaviour frequency continued to increase with age in the non-ASC group, the 
opposite was true for the infants later diagnosed with ASC.  A sharp decline in the frequency of 
looking at faces and sharing smiles was observed after six months which led to the subsequent 
finding that by 12 months of age there was a significance difference in the frequency of these 
behaviours.  Since it has been suggested that familiarity and experience with expressive faces 
could be necessary for typical FER abilities to develop, this finding offers one potential 
causation for developmental FER difficulties in ASC (Leppanen & Nelson 2009). In support of 
the notion that the developmental trajectories of children with and without ASC continue to differ 
throughout childhood, Rump et al. (2009) found that basic FER proficiency improved with age in 
non-ASC groups. When non-ASC individuals were required to label emotional expressions from 
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short video clips of actors facially posing the emotions of anger, fear, disgust and surprise, adult 
participants (>eighteen) were most competent, closely followed by adolescents (thirteen to 
seventeen) and with children (eight to twelve) achieving the lowest scores between the groups. 
For the ASC groups however, there were no differences in FER proficiency between the child, 
adolescent and adult age groups. It appears that whilst typically developing individuals make 
FER performance gains with age, this is not the case for ASC individuals. General FER 
impairments have also been observed in low functioning ASC children (mean age 12.7) when 
compared to typically developing children and children with Down’s Syndrome, matched on 
verbal mental age (Celani et al., 1999). Furthermore, studies have observed impaired FER in 
HF ASC children, suggesting that these deficiencies occur throughout the spectrum, are not 
always mediated by cognitive ability and under certain conditions are independent of verbal or 
non-verbal deficits. The peak FER proficiency achieved by typically developing adults is never 
reached in ASC, with research elucidating the impaired recognition of sadness and fear in ASC 
adults (Boraston et al., 2007; Pelphrey et al., 2002). 
This diminished ability to decode non-verbal, social cues, all critical contextual clues to social 
understanding, affects all people on the spectrum to some degree.  The consequences of 
impaired FER competence are profound.  The autistic individual lives in a confusing social 
world, devoid of relevant context and as a result, there are difficulties in predicting the 
intentions, feelings and thoughts of others (Baron-Cohen, 1995; Golan, Baron-Cohen & Hill, 
2006; Hobson, 1993).  Despite the desire for satisfying interpersonal relationships, this lack of 
sensitivity to the emotional and intentional states of others, a capability that normally develops 
in the first few years of life (Walker-Andrews, 1998) can lead to social exclusion and extreme 
difficulties in both maintaining friendships and in accessing and sustaining education and 
employment (Howlin, 1997).   
4.3. Facial Emotion Recognition (FER) in ASC 
FER is a complex computational process. To identify and recognise an emotion from the face, 
the observer must first attend to that face and then generate a hypothesis about another 
person’s emotional state from a continually changing landscape. The production of a facial 
expression of emotion involves the intricate and rapid contracting and relaxing of multifaceted 
combinations of facial muscles (Ekman & Friesen, 2003). As such, the observer must use and 
integrate partial dynamic facial information in order to label and categorise the emotion that best 
65 
 
fits the modulation of facial muscle movements and consequently, attempt to predict how a 
person feels and may behave.    
The severity of the detrimental impact FER impairments have on the lives of individuals with 
ASC has prompted a wealth of research into understanding and addressing the phenomenon. 
The body of research investigating affective impairment in ASC is extensive and varied. A 
variety of paradigms such as emotion matching, labelling and sorting tasks (Baron-Cohen, 
Wheelwright & Jolliffe, 1997; Celani, Battacchi & Arcidiacono, 1999; Gross, 2004; MacDonald et 
al., 1989) have been adopted to investigate ASC deficits in the recognition, identification and 
understanding of both simple and complex emotions from facial expressions. Despite the 
abundance of research, results are mixed, contradictory and far from conclusive.  
Before reviewing the empirical literature on facial emotion recognition (FER) abilities in ASC, it 
is important to mention the proposed mechanisms hypothesised to underlie the potential FER 
difficulties in this population. Since FER requires both attention to the face and decoding of the 
facially expressed affect, two contrasting theories dominate the FER literature, the attention 
deficit theory (Bormann-Kischkel, Vilsmeier & Baude, 1995) and the decoding deficit theory 
(Carey, Diamond & Woods, 1980). As already discussed in the previous chapter, experience 
with faces is not only considered critical to the development of face processing capabilities but 
also to the development of the ability to recognise facially expressed emotion (Leppanen & 
Nelson, 2006). The attention deficit theory postulates that because ASC individuals do not 
preferentially attend to faces, they lack opportunities to perceive and process critical intricacies 
of manifestations of facial affect and may overlook transient emotional expressions during social 
encounters. In order for facially expressed emotion to be recognised, faces need to both 
capture the attention of the perceiver and, because of their transient and dynamic nature, must 
also sustain attention.  The faces ability to capture attention has been found to be particularly 
important since the early stages of an emotional expression provide cues which are critical to 
subsequent recognition (Edwards, 1998). This theory is therefore supported by the literature on 
atypical social orienting discussed in the previous chapter which suggests that there is a lack of 
selectively prioritising attention to faces in ASC (Sasson et al., 2014). Evidence also suggests 
that once a face has captured the attention of an ASC individual, that attention is not sustained 
(Chawarska, Macari & Shic, 2012), which can lead to the ASC individual missing momentary 
facial expression information.  
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The decoding deficit theory posits that faces are attended to, but deficient and atypical 
processing strategies result in difficulties translating the facial information into emotional states. 
This theory is supported by empirical evidence discussed in the previous chapter pertaining to 
qualitative differences in ASC such as the propensity to adopt a feature-based rather than 
configural processing strategy when viewing faces (Dimitriou et al., 2015; Teunisse & de 
Gelder, 2003). Neuroimaging studies also support deficient decoding abilities in ASC. Amygdala 
dysfunction in ASC has been proposed to lead to affective decoding difficulties, especially for 
emotions that rely on configural processing such as fear, anger and sadness (Baron-Cohen et 
al., 2000).  
Despite decades of research, obtaining a clear picture of FER abilities in ASC has unfortunately 
proved unsuccessful. Anecdotal reports from ASC caregivers strongly suggests that ASC 
children struggle to recognise the emotional states of others from facial cues and empirical 
evidence has found that there is a lack of response in ASC children when they are faced with 
distress in adults (Bacon et al., 1998; Sigman et al., 1992). Support for the notion of disturbed 
FER in ASC is provided by neuroimaging studies which report attenuated activation in the 
fusiform gyrus (an area heavily implicated in typical affective face processing) when ASC 
individuals are involved in affective face related tasks (Piggot et al., 2004; Wang et al., 2004).  
Deficits in the recognition and understanding of both basic (Bormann-Kischkel, Vilsmeier & 
Baude, 1995; Deruelle et al., 2004; Hobson, Ouston, & Lee, 1989; Lindner & Rosen, 2006; 
Tantam et al., 1989; Yirmiya et al., 1992) and complex (Adolphs, Sears & Piven, 2001; Boraston 
et al., 2008; Golan et al.; 2006; Kleinman et al., 2001) emotions from facial expressions have 
been argued to contribute significantly to the severe social impairments experienced by children 
with ASC (Golan & Baron-Cohen, 2006). 
However, whilst there is a wealth of evidence suggesting FER is deficient in ASC, there is 
almost as much evidence pointing to intact FER in ASC (Harms et al., 2010). These widely 
disparate research findings are not however unexpected given the heterogeneity of 
demographic characteristics of ASC individuals (age, IQ, severity of deficits, symptomology 
within diagnostic domains, comorbidities etc.), the variability in FER study methodologies (task 
demands and dependent variables tapping different perceptual and processing capabilities), 
varying matching procedures (chronological age, verbal IQ, non-verbal IQ, full scale IQ) and the 
diversity of the experimental stimuli used (basic vs complex emotions, static vs. dynamic, 
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different orientations, subtly expressed emotion vs. prototypic vs. exaggerated etc.). The review 
of the empirical evidence which follows therefore is interpreted with these confounding factors in 
mind.   
As previously mentioned, a number of different methodologies have been adopted to study FER 
in ASC. Sorting tasks require the participant to categorise stimuli on the basis of emotion, 
negating the need for emotional expression labelling and therefore appropriate for younger 
children, non-verbal and LF ASC individuals. Similarly, matching tasks require the participant to 
select a stimulus (e.g. image of a happy face) which corresponds to an originally presented 
emotional stimulus. Matching tasks are not a homogenous group however and can involve 
matching static stimuli to static stimuli, dynamic stimuli to static stimuli and can involve cross-
modal matching. Labelling tasks require participants to name the emotional state of a presented 
stimulus and as such can only be completed with verbal, higher-functioning ASC individuals.  
All of these paradigms, whilst tapping different processing and cognitive abilities, have 
demonstrated deficient FER in low functioning (LF) (Celani, Battacchi & Arcidiacono, 1999; 
Hobson, 1986) and high functioning (HF) (Lindner & Rosen, 2006; Tantam et al., 1989) ASC 
children relative to non-ASC controls matched on non-verbal age.  
Lindner and Rosen (2006) demonstrated that HFA children are impeded in their ability to 
recognise the basic emotions of happy, sad, angry and neutral when communicated by static 
and dynamic facial expressions. In this study, ASC children (mean age of 10.2) were compared 
to age matched typically developing children on their ability to select a labelled picture of facial 
affect which corresponded to an actor’s portrayal of a facial expression displayed either 
statically or dynamically. Participants viewed both frozen frames of actors posing the facial 
expressions of happy, sad, angry and neutral, and six second clips of actors portraying the 
emotional expressions facially. ASC children scored significantly lower relative to controls in 
both static and dynamic conditions, suggestive of a FER impairment in ASC. 
Findings of deficient FER in ASC in cross-modal matching tasks (Hobson, 1986) however led to 
the notion that the affective deficit in ASC children was general in nature and not specifically 
limited to the recognition of facially expressed emotion. Affective theorists such as Hobson 
(1986a, 1986b) and Klin et al. (2002) are proponents of the view that there is an innate, general 
and widespread attenuation for emotional processing in ASC and it is this deficiency that 
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causes disturbed cognition. According to Hobson, emotion processing deficits are non-specific 
and independent of intellectual ability. Hobson (1993) proposed that debilitating social 
impairments are seen across the spectrum including HF ASC and argues that this deficit is due 
to an impaired ability to understand and intuitively interpret the emotions of others. According to 
Hobson’s Emotional Recognition Hypotheses (Hobson, 1989), there is an innate incapacity in 
ASC to perceive and comprehend the emotions of others, which leads to disrupted development 
of interpersonal relations in critical early years and consequently negatively affects cognitions 
required for effective social interactions.  Hobson’s theory was borne from a series of studies 
requiring ASC children to match pairs of emotional stimuli (Hobson, 1986a, 1986b). Hobson 
investigated the capacity of ASC children to match short video clips of facial expressions with 
schematic drawings of facial expressions, vocalised emotion, gestures of emotion and finally 
context.  ASC children were significantly less able than non-ASC controls matched on non-
verbal age to match videotaped facial expressions to the corresponding context, vocalised 
emotion and gesture of affect. Hobson concluded that ASC children have difficulty in 
recognising how different emotional expressions relate to one another, and that this can explain 
their failure in understanding the emotional states of others.  
However, other studies adopting similar methodologies have reported no FER differences in LF 
(Castelli, 2005; Davies et al., 1994; Prior et al., 1990) and HF (Capps, Yirmiya & Sigman, 1992; 
Castelli, 2005; Prior et al., 1990) ASC children relative to controls, which leads to a confusing 
picture. Why is it that some studies report deficient FER whilst others, using similar 
methodologies and participants report the opposite? 
Researchers (Harms et al., 2010; Ozonoff et al., 1990) point to differential clinical-control 
matching procedures and reported that FER differences between ASC and non-ASC children 
are eliminated when groups are matched on verbal ability. For example, Braverman et al. 
(1989) and Ozonoff, Pennington and Rogers (1990) compared the ability of ASC children and 
non-ASC controls matched on either non-verbal or verbal mental age to match facially 
expressed emotion. Whilst the ASC group performed significantly worse than non-verbal 
matched controls, no differences were observed between the groups when matched on verbal 
ability. This finding was later replicated in a facial affect-context matching task with ASC children 
(Fein et al., 1992). Studies that have matched groups on both non-verbal and verbal IQ (often 
difficult to achieve due to the highly uneven IQ profiles in these two domains in ASC compared 
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to non-ASC individuals) have also found no FER performance deficits in LF ASC (Rosset et al., 
2008) and HF ASC (Grossman et al., 2000; Rosset et al., 2008) children.  
Therefore, the discrepant findings appeared to be due in part to different matching procedures. 
It is possible therefore that FER differences observed in studies using non-verbal matching 
procedures, were in fact due to differences in verbal ability rather than ASC. This finding 
therefore refutes the notion of a generalised affective deficit in ASC.   
However, this is not the complete picture since some studies that have matched participants on 
verbal ability have still found that ASC children do demonstrate FER impairments when 
emotions are of a negative valence or emotional expressions are subtle in intensity.  For 
example, Rump et al. (2009) identified that HF ASC children (aged five to seven) perform 
significantly worse than age and VMA matched children in basic emotion labelling tasks using 
both static and dynamic facial stimuli. Children were required to label facial expressions 
following a brief presentation of both static colour images and dynamic video clips of the facial 
expressions of happy, sad, angry and afraid. Whereas the static images displayed the 
exaggerated, prototypical full blown facial expression for each of the emotions, the intensity of 
expression was manipulated in the video clips and provided four levels of difficulty.  Level one 
clips displayed the development of each emotional expression from a neutral pose to 25% of 
the full-blown manifestation of the emotion. Levels two and three displayed the emotion at 50% 
and 75% respectively and level four clips presented the development of an emotion expression 
from neutral to the exaggerated pose of the emotion. It was found that ASC children performed 
significantly worse matched non-ASC controls at identifying emotions and this difficulty was 
most pronounced for the identification of fear and anger. Furthermore, although both groups 
were less adept at recognising more subtle manifestations of emotional expressions, this 
difficulty was significantly more pronounced in the ASC group.  ASC children were also less 
able to recognise the expressions of fear and anger unless these were expressed in their most 
prototypical form. Rump et al. (2009) attribute this difficulty to atypical face processing strategies 
in ASC. The recognition of fear and anger rely on the observer integrating information from 
different facial regions (the mouth, eyes and forehead). This integration requires a holistic 
approach to face processing and as previously, there is a propensity for processing faces at a 
feature-based level in ASC. The finding that happiness was recognised by both groups at all 
levels of intensity is not surprising since it has been found that proficiency for recognising 
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happiness develops first in infants (Bornstein & Arterberry, 2003), is easiest to recognise 
(Grossman et al., 2000) and can be identified primarily from observing the mouth region (an 
upturned mouth) (Ekman, 2003), which negates the need for a holistic approach and can be 
achieved when adopting a featural, piecemeal approach to face processing. This finding 
therefore supports the decoding deficit theory (Carey, Diamond & Woods, 1980). Since the 
amygdala has been found to be involved in the recognition of negative valence emotional 
expressions, such as fear and anger (Baron-Cohen et al., 2000), but is not implicated in the 
recognition of happy expressions, which does not require the recruitment of configural 
processing strategies (Adolphs & Tranel, 2004), these findings are indicative of amygdala 
dysfunction in ASC which prevents global appreciation of facial stimuli and leads to the non-
translation of facial manifestations of negative affect. The finding that ASC individuals show 
FER performance gains when emotional expressions are presented in an exaggerated form 
was also demonstrated more recently by Walsh et al. (2014) and Rutherford and McIntosh 
(2007). Rutherford and McIntosh (2007) found that young ASC adults were more likely to judge 
artificially exaggerated computer-generated facial expressions of affect as more representative 
of an emotion category relative to matched controls. Taken together, these results suggest 
atypical categorisation processes in ASC. The more amplified the defining characteristics of the 
emotion are, the easier it is for the ASC individuals to categorise.  Therefore, although negative 
valence emotional expressions appear particularly problematic for ASC children to translate, in 
an exaggerated form, they may allow the HF ASC child to capitalise on their WCC and 
systemising cognitive style by employing compensatory strategies, such as applying a 
memorised list of specific features associated with each emotion percept to the presented 
emotional expression in order to arrive at the correct answer. Findings of impaired performance 
in the recognition of subtle, lower intensity facial expressions in ASC adolescents (Greimel et 
al., 2010) and adults (Philip et al., 2010) add weight to this notion.  
The finding that some emotions are recognised better than others leads to the notion of more 
specific affective deficits in FER. In a simplistic photograph labelling task assessing the ability of 
ASC adults to identify the expressions of anger, happiness, sadness, fear, surprise and disgust 
with no time constraints to appraisal or responding, Boraston et al. (2007) found that although 
identification was poorer in the ASC group across all emotion categories (except for disgust), 
this difference only reached significance for the recognition of the sad faces, relative to controls 
71 
 
matched on chronological age, verbal mental age and non-verbal mental age. Although 
typically, sadness is reported to be one of the easiest emotional expressions to recognise from 
facial cues (Ekman & Friesen, 2003), an impaired ability to recognise facially expressed 
sadness in ASC has also been found in a more recent study (Farran, Branson & King, 2011). 
Again, amygdala dysfunction is ASC may explain this pattern of results. Since neural networks, 
including the amygdala, have been found to be activated in response to watching sad films 
(Goldin et al., 2005) and viewing sad images (Wang et al., 2004) it is plausible that the atypical 
amygdala activity associated with ASC could lead to impaired recognition of sadness (Schultz, 
2005).  Other studies have also identified fear as particularly problematic in ASC (Ashwin et al., 
2006; Howard et al., 2000; Pelphrey et al., 2002). Studies reporting specific deficits in these 
negative emotions therefore add weight to the amygdala explanation of FER deficits in ASC.  
More recently, Farran, Branson & King (2011) used a visual search paradigm to investigate how 
well ASC individuals could detect a particular facial expression in a crowd. Twenty HF ASC 
children were matched to non-ASC children on chronological age and verbal and non-verbal 
ability and viewed matrices containing target faces and distractor faces. Photographs of the six 
universal basic emotional were used as stimuli. Whereas typically, there is an anger superiority 
effect (ASE), whereby angry faces are detected much faster than positive valence expressions, 
argued to result from evolution to enable us to detect threats more quickly (Fox et al., 2000), 
this effect was not found in the current study for ASC children. ASC children were significantly 
slower to respond to the negative emotional expression targets (fear, anger and sadness) 
relative to controls matched on chronological age whereas no differences were observed when 
targets were happy, disgusted or surprised or when participants were matched on verbal and 
non-verbal age. The finding of differences between groups matched on chronological age are 
important as they demonstrate that the relationship between exposure to faces in both ASC and 
non-ASC groups could explain the pattern of results (Farran, Branson & King, 2011). A 
reduction in face exposure opportunities, driven potentially by atypical social preferences in 
gaze orienting and a reluctance to engage in social interactions appears to lead to a reduced 
ASE in ASC. The ASC group therefore were exhibiting facial expression processing levels at 
the same level as much younger non-ASC children. Because the deficiency was only 
observable in emotional expressions associated with amygdala recruitment, these findings 
again offer support for the amygdala theory of ASC (Baron-Cohen et al., 2000). A number of 
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studies have corroborated this notion by reporting a pattern of results in ASC in tasks requiring 
the identification of the same emotional expressions (such as sadness, anger, fear and a 
number of complex emotions which will be discussed later in this chapter) that mirror those of 
non-ASC individuals with amygdala damage (Adolphs, Baron-Cohen & Tranel, 2002; Adolphs et 
al., 2001; Baron-Cohen et al., 1997).  
Other studies using the visual search paradigm have reported the ASE in HF AS individuals 
(Ashwin, Wheelwright & Baron-Cohen, 2006). Using schematic face stimuli, they found that the 
advantage for angry over happy faces was evident in ASC. However, subtle differences were 
observed. The ASE was far more evident in non-ASC individuals compared to ASC participants 
with the ASC group taking longer to detect faces than controls. This study demonstrated that 
although ASC individuals are predisposed to detecting threatening face stimuli over and above 
non-threatening face stimuli, their processing style is atypical and the pre-attentional “pop out” 
effect (White, 1995) often observed in non-ASC individuals is not present, resulting in longer 
detection times. Results such as these further strengthen the argument for differential 
processing in ASC with a lack of intuitive and automatic processing leading to the need to adopt 
compensatory strategies. In a similar study by Krysko and Rutherford (2009), using 
photographs of real faces rather than schematic stimuli, it was found that HF ASC adults 
demonstrated an ASE comparable to matched controls. However, whereas Ashwin et al.’s 
(2006) study using schematic stimuli found reaction times much slower in the ASC group, 
Krysko and Rutherford (2009) failed to replicate this finding with real life photographic stimuli. 
ASC participants were as fast as controls at detecting a discrepant face in a visual array and in 
determining when all faces were the same. This finding demonstrates that, in addition to 
superior visual search capabilities for non-social stimuli, as posited by the EDRG theory of 
autism and supported by empirical findings (O’Riordan et al., 2001; O’Riordan & Plaisted, 2001; 
Plaisted, O’Riordan & Baron-Cohen, 1998), this enhanced ability to discriminate also applies to 
affective face stimuli. Although reaction times were comparable, Krysko and Rutherford (2009) 
did observe that the ASC group were less accurate than controls in detecting a discrepant face 
and therefore, it appears that although threat detection processes are evident in ASC to some 
degree, they are not as robust as those mechanisms in non-ASC individuals. This assertion is 
further supported by the finding that the ASE was more evident for smaller arrays than larger 
arrays in the ASC group, whereas array size did not mediate ASE in controls. Again, employing 
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compensatory strategies which rely heavily on their intact or superior perceptual abilities may 
lead to impairments in ASC being masked during empirical testing.  
In addition to findings of specific negative basic emotional expressions being problematic in 
ASC individuals, surprise has also been posited as posing difficulties in ASC (Baron-Cohen, 
Spitz & Cross, 1993). Baron-Cohen et al. (1993) reported a particular deficit in the recognition of 
surprise in ASC and attributed this in part to their reluctance to look at the eye region. For 
example, Bal et al. (2010) demonstrated that by focussing participants on the eye region of the 
face, facially expressed surprise can be recognised more easily. If ASC individuals neglect the 
eye region during facial expression appraisal, then this would leave them at a distinct 
disadvantage since they are missing critical information. A second explanation for deficient 
surprise recognition has also been offered however by ToM theorists. Although classed as a 
basic emotion, due to its universality and evidence for its rooting in biology (the production and 
recognition of basic emotions are argued to be innate) (Ekman & Friesen, 1971), surprise differs 
from other basic emotions in that an appreciation of surprise requires an understanding of 
another person’s mental state (their false belief) or the social context. Since it is argued that 
ASC individuals have a deficient ToM and have difficulties attributing false beliefs to others and 
integrating information such as context into their understandings of situations, Baron-Cohen et 
al. (1993) propose that these social cognition deficits lead to particular difficulties with the 
recognition of surprise. Other studies have failed to replicate this finding (Baron-Cohen et al., 
1997; Castelli, 2005; Spezio et al., 2007). 
To further complicate matters, FER abilities in ASC appear to fluctuate over the lifespan and do 
not follow the typical developmental trajectory. Using a labelling task, Rump et al. (2009) 
assessed FER abilities in four ASC age groups, five to seven, eight to twelve, thirteen to 
seventeen and adults (>eighteen) in response to video clips of affective faces. Whereas ASC 
children in the age group of five to seven were found to perform significantly worse than their 
verbal and chronologically age matched non-ASC participants, struggling particularly with fearful 
and angry expressions, ASC children in the eight to twelve and thirteen to seventeen age 
groups performed as well as their matched controls. Of particular interest was the finding that 
the adult ASC group (>eighteen) were impaired relative to their control group and demonstrated 
particular difficulties with facially expressed disgust, anger and surprise. The developmental 
picture emerging from these findings suggests that young ASC children are impaired with the 
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recognition of basic emotions but become as proficient as non-ASC children during middle 
childhood. Performance disparities apparent in adulthood suggest that whereas typically, 
development of social cognition skills continues to progress with age into the adult years, this is 
not the case in ASC where development becomes stuck. Other studies have also reported 
differential patterns of FER proficiency and age relationships in ASC. Whereas young typically 
developing children’s age correlates with their FER ability, this is not the case for young ASC 
children (Gepner et al., 2001). These findings provide another explanation for the widely 
disparate research findings in the domain of FER in ASC, although more research on 
developmental trajectories of FER in ASC is needed to further elucidate patterns since some 
studies have found deficiencies in ASC children during middle childhood (Tantam et al., 1989).  
Cognitive ability does appear to mediate HF ASC adult’s ability to recognise basic facially 
expressed emotions (Baron-Cohen et al., 1997; Homer & Rutherford, 2008). This does not 
mean however that a FER impairment does not exist in HF ASC individuals since higher 
intelligence allows them to use cognitive, language or perceptual compensatory strategies to 
succeed in FER tasks which may mask deficiencies. When however, FER tasks involve more 
complex stimuli, such as complex emotions (e.g. guilt, embarrassment, pride), these 
compensatory strategies do not appear effective enough to bring their performance in line with 
matched non-ASC peers (Baron-Cohen et al., 1997). Furthermore, when task demands are 
increased which prevent or disturb the execution of compensatory strategies in HF ASC 
individuals, deficits become apparent (Clark et al., 2008; Grossman et al., 2000). 
For example, Grossman et al. (2000) found no differences in an ASC sample relative to controls 
on a basic emotion task except when there was mismatching verbal information, indicative of 
their use of or even reliance on verbal mediation to help them reach the correct answer. 
Similarly, when time restraints are imposed which reduce viewing time of affective facial stimuli, 
ASC individuals are impaired in their ability to extract affective information (Clark et al., 2008). 
Despite happy and angry facial expressions offering the clearest contrast in terms of valence in 
addition to the finding that happiness and anger are the least confused emotions (Ekman, 
1984), Clark et al. (2008) found that HF ASC adolescents and adults were significantly impaired 
in their ability to attribute a happy or angry label to a face when it was displayed briefly for 
fifteen or thirty ms, relative to matched non-ASC typically developing controls and non-ASC 
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controls with a reading disability. This finding is important for several reasons. Firstly, in real life 
situations, we do not have the benefit of viewing a static face of a person for long periods of 
time in order to come to a decision about their emotional state. Typically, information pertaining 
to transient dynamic and subtle emotional expressions is only available from a face for very 
short periods of time (one-thirtieth of a second) (Bartlett et al., 2005) and therefore online 
perceptions must keep pace (Ekman, 1984; Ickes, 2003). This finding therefore can explain why 
despite some empirical findings of unimpaired FER in ASC, ASC individuals still demonstrate 
difficulties relating affectively to others in real life social situations. Secondly, by presenting 
images for very short periods of time, the researchers prevented top-down compensatory 
strategies from being adopted, rendering their cognitive abilities mute. Briefly presented 
emotional information requires intuitive and automatic matching procedures with typically 
developing adults able to extract facial information pertaining to valence at 10ms presentation 
(Murphy & Zajonc, 1993). This would pose a problem however to the execution of atypical 
categorical strategies of applying knowledge of emotion exemplar rules to each face.  The 
researchers propose that this was the case for ASC individuals in this task. Results of a 
diminished ability to extract information from briefly presented stimuli were found to be specific 
to affective information however since control tasks demonstrated that the ASC participants 
were as able as controls to decide whether faces were male or female and whether non-social 
stimuli were objects or animals.  
A recent study investigated the interplay between the proposed superior perceptual abilities in 
ASC and the hypothesised deficit in affective facial processing also found evidence of atypical 
perceptual processing of facial expressions and the adoption of compensatory strategies. Evers 
et al. (2011) conducted a series of three experiments of increasing complexity with HF ASC 
children aged seven to eleven years old and non-ASC matched controls in order to determine 
whether the ASC group demonstrated perceptual superiorities in matching tasks involving 
affective facial stimuli. Experiment one was a simplistic same-different task whereby participants 
viewed pairs of simultaneously presented images of actors posing emotional expressions 
(anger, disgust, happiness, surprise) and indicated whether the faces were the same or 
different. Images used in this task either comprised actors posing medium or high intensity 
emotional expressions and mismatch trials comprised images which differed in terms of 
emotional expression intensity only. ASC children were as accurate and as fast as matched 
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controls on this task. This finding, like those of Krysko and Rutherford (2009) demonstrate that 
ASC individuals are able to apply their intact or even superior discrimination abilities to tasks 
involving affective facial stimuli. Collectively, these findings add weight to the EDRG theory 
(Plaisted, 2001). Although the ASC children did not show enhanced perceptual functioning 
relative to non-ASC children, indexed by comparable reaction times and accuracy scores, it is 
possible that the stimulus nature (emotive faces) may have mediated their ability to some 
degree and prevented this superiority from becoming evident. As suggested by Schultz (2005), 
the salience (or lack of salience) of faces can affect task performance and therefore this is 
highly plausible.  Experiment two increased both stimuli complexity and task demands and in 
doing so provided further insights into differential compensatory strategies employed by ASC 
children. Children viewed simultaneously presented static facially expressive stimuli and were 
required to match an image at the bottom of the screen to one of five images at the top of the 
screen. The five images were of the same actor posing an emotional expression at different 
intensities. On some trials, the five images were presented serially by intensity (images 
presented the transition from neutral to full intensity from left to right) and on other trials the five 
images were arranged in a random fashion.  ASC children again demonstrated accuracy 
comparable to controls. However, several differences were noted which indicated that the ASC 
group were employing atypical strategies to achieve this outcome. Whereas non-ASC children 
found the randomly (rather than serially) presented matching faces easier (indexed by faster 
response times), presentation order of matching faces did not influence performance in the ASC 
group. Presenting images in an ordered manner creates a context effect since images 
presented immediately next to each other are highly similar and difficult to discriminate. This 
would force the non-ASC children to adopt piecemeal processing whereby they serially analyse 
the local features of each top image against the bottom image. In a random presentation 
however, there is no context, pair-wise differences between adjacent images are much larger 
and this would cause the matching image to pop out due to its overall similarity to the matching 
stimulus face. That ordered vs. random presentation did not influence ASC performance 
suggests that context did not come into play in the serially organised condition. This is as 
expected since the ASC child’s WCC would result in less focus on contextual factors (in the 
case of this experiment, coherence between adjacent stimuli) (Brosnan et al., 2004; Happe, 
1997); but rather they would adopt a piecemeal processing and scanning strategy in both 
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ordered and random conditions, resulting in similar performance across conditions. Experiment 
two also found a greater speed-accuracy trade off in the ASC group further supporting the 
notion of a piecemeal perceptual processing strategy. An unexpected and unplanned for finding 
during this experiment is also noteworthy as it clearly adds weight to the EDRG theory of ASC 
which posits that ASC individuals are highly perceptive of even the slightest differences in 
stimuli that are imperceptible for non-ASC individuals (Plaisted, 2001). Unbeknown to the 
researchers, or to any of the non-ASC participants, an almost undetectable change to the edge 
of one the images had occurred during the process of scaling stimuli to fit onto the screen. This 
minute difference was however picked up on by a number of the ASC participants and as a 
result, the images for that stimuli set were discarded. Although this finding was not the result of 
empirical testing, anecdotal reports such as this should not be ignored since they occur 
naturally and reflect differential abilities in ASC individuals. Experiment three presented 
participants with a delayed matching task whereby they viewed short video footage of an 
affective face and were then required, after a small delay (and therefore recruiting working 
memory and preventing the adoption of piecemeal processing strategies), to match either the 
identity or the emotional expression of the actor in the video clip to a static image. Supporting 
previous findings for an emotion specific deficit in face processing (Braverman et al., 1989; 
Celani et al., 1999), this experiment found that when matching for identity, results demonstrated 
that the performance of ASC children was comparable to the control group, however, ASC 
children were significantly less accurate in the emotion matching condition relative to controls. 
In addition, whereas control children performed better in the match trials (where stimulus 
similarity was greater), the opposite pattern of results were observed for the ASC group who 
were better able to confirm a mismatch than a match. This finding supports the notion that in 
ASC, there is a greater focus on differences than similarities and offers further support for the 
EDRG theory of ASC. Whereas the control children were automatically driven to look for 
similarities, the ASC children have a propensity to focus of differences.  
Therefore, when studies increase task demands and include greater stimuli complexity, they 
provide conditions more suited to detecting subtle FER deficits in ASC and as a result, findings 
of impaired FER are far less equivocal.  When paradigms prevent compensatory strategies from 
being employed, deficits in ASC emerge. Furthermore, even when behavioural measures show 
no differences between the FER abilities of ASC groups and controls, neuro-imaging studies 
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that run concurrently during task execution have shown differential neural activation patterns in 
ASC individuals indicative of atypical processing (Dapretto et al., 2006; Wang et al., 2004). 
Deficits in the recognition and understanding of more complex emotional expressions are also 
consistently found in ASC. ASC individuals have been found to be less accurate than matched 
controls in the recognition of complex social information, such as embarrassment and guilt, from 
nonverbal expressions (Adolphs et al., 2001; Heerey et al., 2003).  
Complex emotions, in contrast to innate basic emotions previously discussed, are argued to be 
subtle blends or variations of the basic emotions and are regulated by and result from our 
social, personal and cultural experiences (Damasio, 1995; Plutchik, 1980). Furthermore, 
whereas basic emotions are situationally determined, complex emotions (such as 
embarrassment, disappointment, guilt etc.) are elicited by epistemic states which involve 
subjectively held beliefs, intentions and expectations (Harris, 1989). These emotions are 
triggered through self-evaluations (e.g. guilt) or through evaluations of the relations between 
ourselves and others (e.g. guilt, embarrassment, jealousy). They therefore all have a cognitive 
element (Damasio, 1995) and are argued to pose a particular problem for ASC individuals since 
recognition and understanding of complex emotions in others would require an intact ToM or CE 
(Baron-Cohen, Spitz & Cross, 1993).  
Capps et al. (1992) found that HF ASC children were able to recognise sadness and happiness 
as well as matched controls but were impaired in the recognition of the pride and 
embarrassment. Baron-Cohen et al. (2001) also found no evidence of a basic FER impairment 
in HF ASC adults, whilst observing significantly poorer FER labelling abilities for complex 
emotions in the same HF ASC adults, relative to matched controls. When the eye region only 
was available to participants, this difficulty became even more pronounced in ASC.  
Despite decades of research, the highly divergent findings in the domain of FER impairment 
leave us with a confusing picture. Questions remain as to whether all ASC individuals struggle 
to interpret facially expressed basic emotions or whether the impairment is limited to negative 
emotions, specific emotions or to more cognitively based emotions. The directional relationship 
between the affective and cognitive components of ASC is also highly debated. The issue of 
whether emotional ineptitude is the primary cause of the impairments characteristic of ASC 
(such as atypical cognition and language) or whether it is a bi-product of cognitive disturbances 
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is highly contentious. For example, affective theorists such as Hobson (1986a, 1986b) and Klin 
et al. (2002) are proponents of the view that there is an innate, general and widespread 
attenuation for emotional processing in ASC and it is this deficiency that causes disturbed 
cognition. Some researchers on the other hand argue that the reverse is true; that is, there is a 
selective rather than general emotion impairment and that this social impoverishment is 
attributable to core cognitive atypicalities such as a deficient ToM (Ashwin et al., 2006; Baron–
Cohen et al., 1999; Castelli, 2005). 
Uljarevic and Hamilton (2013) conducted a meta-analysis to determine whether FER was a 
fundamental deficit in ASC. They reported that a general FER deficit exists in ASC and 
furthermore, results in favour of impaired FER in ASC attracted a large mean effect size. After 
correcting for potential publication bias, the effect size was reduced to medium. They reported 
that ASC individuals demonstrated difficulties with all basic emotions, except for happiness, and 
that impairments were not dependent on the type of task employed, age of participants or 
cognitive ability. They observed comparable results for matching and labelling tasks indicating 
that FER deficiencies were apparent at perceptual and cognitive stages of processing.  
4.4. Summary 
A review of the literature suggests that FER is impaired to some extent in ASC at every stage of 
the lifespan. There may be particular difficulties with negative valence emotions due to their 
reliance on configural processing and the associated requirement of typical amygdala 
functioning.  FER also becomes more difficult when task or stimulus difficulty is made more 
complex. Severity of FER impairment appears to be variable within ASC and atypical perceptual 
and cognitive strategies and attentional biases all have a role to play. In HF ASC individuals in 
particular, compensatory strategies can mask impairments. In contrast to efficient and intuitive 
template based strategies employed by non-ASC individuals when they are tasked with labelling 
(and therefore categorising) an emotion, research points to the adoption of inefficient, time-
consuming, systematic and rule-based strategies in ASC (e.g. Rutherford & McIntosh, 2007). 
Such strategies however are less useful in real life social situations where expressions are 
transitory, short lived and dynamic.  
Why FER impairments exist in ASC is contentious. The evidence reviewed so far in this and the 
previous chapters suggest that attentional biases to social information are disrupted (see 
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Chapters Two and Three), perceptual processes and cognitive styles are atypical and neural 
activation patterns are abnormal. What is not clear however is the directional relationship of 
these atypicalities. 
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CHAPTER FIVE 
INTERVENTIONS IN ASC 
 
ASC individuals experience impaired functioning in multiple domains. As there is no cure for 
ASC (Myers & Johnson, 2007), the primary goal for clinicians and researchers is to develop 
interventions to reduce deficits that are negatively impacting the individual’s quality of life 
(Myers & Johnson, 2007). Given the extreme heterogeneity of the condition however, no 
intervention approach is considered best; there is no ‘one size fits all’ treatment program and 
therefore a wide range of remediation options need to be available so each ASC individual has 
access to interventions tailored to their specific needs, abilities, age group and cognitive and 
functioning level (Buescher et al., 2014; Myers & Johnson, 2007). It is acknowledged that ASC 
is an urgent health concern and calls for the development of effective efficient and accessible 
interventions to address the deficiencies of the condition whilst taking into account areas of 
strengths (Buescher et al., 2014). 
Research has demonstrated that intervention, and in particular, early intervention, can prove 
successful in bringing about significant developmental improvements in cognitive and adaptive 
abilities (Eldevik et al., 2006; Grindle et al., 2012; Howard et al., 2005). A wealth of research 
into developmental gains, improved functioning and enhanced quality of life following 
interventions targeting the social domain suggests that, under the correct conditions, 
intervention can be beneficial to this population (McConnell, 2002).  
5.1. Emotion recognition interventions  
Despite the early and discredited notion that ASC children lack the desire for social 
relationships, ASC children, and in particular HF ASC children, experience extreme loneliness 
significantly more than non-ASC children (Bauminger & Kasari, 2000; Burgess & Gutstein, 
2007). Their profound difficulties with reciprocal social interactions, their impaired ability to 
intuitively and effectively interpret communicative intent from verbal and non-verbal exchanges 
and their preoccupations with circumscribed interests often lead to severe social isolation. 
There are difficulties initiating and maintaining high quality functional friendships (such as being 
invited to parties and being included in social events), and this can have a devastating and 
pervasive effect on their quality of life and their self-esteem.  Social isolation means they are 
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caught in a vicious cycle which prevents, or attenuates, further learning opportunities. The lack 
of social relationships only serves to further reduce their opportunities for social cognition 
development, achieved primarily through social experience. 
Impaired social communication abilities emerge very early on in development and some 
identifiable behaviours associated with deficiencies in this domain, such as language problems, 
isolated play, lack of eye contact and a lack of social engagement, are some of the earliest 
emergent markers of the condition (Ingersoll, 2011).  Since these deficiencies are also 
significantly related to long-term social functioning outcomes (Howlin et al., 2004), the 
development and effective administration of interventions aimed at targeting skills specifically in 
the social domain are critical for ASC children (Ingersoll, 2011).  
As discussed in Chapter Two, ASC individuals have an atypical capacity to reason about the 
mental and emotional states of other people (Baron-Cohen, Leslie & Frith, 1985; Leekam & 
Perner 1991; Leslie, 1987; Swettenham, 1996). Since a lack of cognitive empathy includes a 
diminished capacity for appraising and understanding facially communicated emotion, 
remediating FER deficits at a young age is considered critical to enhancing mental state 
reasoning (Beall et al., 2008) and improving social outcomes. Although FER appears to be 
atypical and non-intuitive, HF individuals can and do draw on their islets of perceptual and 
cognitive skills to interpret facially communicated affect (Clark et al., 2008; Grossman et al., 
2000). Research has led to a more thorough understanding of the compensatory strategies 
adopted in ASC and as such, clinicians and researchers are able to capitalise on the perceptual 
and cognitive strengths characteristic of this population in order to remediate FER deficiencies. 
Although some FER interventions have been found to have some significant beneficial 
treatment effects (Golan & Baron-Cohen, 2006; Golan et al., 2009; Silver & Oakes, 2001), two 
major limitations of currently available interventions limit their success. In order for any 
intervention aimed at children to be successful, the child must be motivated to engage with the 
training materials. If the intervention is not enjoyable, the child will be reluctant to engage and 
the training strategies embedded within the intervention, regardless of how well thought out they 
are, will not be accessed and therefore will not have an opportunity to improve outcomes. This 
issue was highlighted in personal email correspondence from the Director of the National 
Autistic Society, who said “…on the NAS website, we promote (list) only one computer-delivered 
emotion recognition tool, Mind Reading: The interactive guide to emotions. Mind Reader is a 
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reference work and an excellent resource but it is not specifically aimed at children and it not a 
game per se…there is no need developing a highly effective intervention if the child refuses to 
use it!” (R Mills, personal communication, 13 November 2013). Interventions that are not 
enjoyable and do not motivate the child, will have limited success (Beaumont & Sofronoff, 
2008a). Secondly, when interventions are accessed and do deliver their theoretically driven 
training strategies, there is often limited generalisability of acquired skills to real life social 
situations (Baron-Cohen et al., 2004; Bolte et al., 2002; Golan & Baron-Cohen, 2006). Finding a 
way to both motivate the child to engage with training and to overcome the generalisation 
difficulties characteristic of ASC must therefore be primary aims of future FER interventions. 
A wide range of interventions aimed specifically at remediating ASC symptomology in both 
social and non-social domains are documented in the literature and include educational, 
medical, therapeutic and even dietary programs (Jordan & Jones, 1999). However, a review of 
these is not within the scope of this thesis and therefore this chapter will review primarily those 
interventions specifically focussing on the remediation of FER deficits. 
Bauminger (2002) designed and evaluated an intervention specifically designed for HF ASC 
children with two aims; to facilitate their ability to recognise and understand facially expressed 
basic and complex emotions and to teach interpersonal problem solving (initiating conversation, 
sharing, solving conflicts). Children (aged eight to seventeen) underwent seven months of 
teacher delivered school-based training and improvements were seen across all targeted 
behaviours post-intervention.  Affective understanding was explicitly taught to the children; 
whereby the rules of each emotion were explained to the children. This part of the training 
included explaining the rules pertaining to how each basic emotion is manifested facially, 
gesturally and vocally. Results demonstrated that whereas only 60% of the children could 
provide examples of times they had felt each of the four basic emotions prior to intervention; all 
children were able to do this following training. Gains were also seen for the understanding of 
complex emotions. 53% of the children were able to define and provide examples of times they 
had felt five or more of the six complex emotions post-intervention compared to just 27% before 
treatment commenced. In addition, their examples of all emotions were more specific following 
intervention and there was evidence of improved understanding of the role of other people (their 
audience) in their descriptions of complex emotions such as guilt and embarrassment. This 
study demonstrated that emotional understanding can be facilitated in ASC through training. 
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The lack of a control group limits its interpretation of efficacy as social cognition gains may have 
been seen over a seven-month period without intervention. Since there was also parental 
involvement throughout the seven-month period (supporting learning and encouraging practice 
of learned skills) it is also not clear whether this, the school based intervention or a combination 
of the two were responsible for post-intervention gains.  
In a more recent study, Miyahara et al. (2010) administered a FER intervention to HF ASC 
adults, which involved explicitly teaching the facial affect features associated with emotions. 
Since distinct anatomical patterns of facial musculature have been identified and established as 
universally representative of prototypic basic emotions (Ekman & Friesen, 1977), Miyahara et al. 
(2010) presented participants with photographs of facial affect and explained the featural 
characteristics associated specifically with each emotion. For emotions that share similar and 
overlapping facial manifestations (e.g. surprise and fear), photographs of each were presented 
together and unique identifying features explained. For example, surprise is expressed using 
many of the same facial muscles that are used to convey fear, and as such, people often 
confuse the two expressions (Ekman, 2003; Gagnon et al., 2010). The researchers therefore 
showed participants how to differentiate these emotions by focussing them on the differences 
that exist between the two. To consolidate and check learning had taken place, the researchers 
then asked participants to identify the emotions of further facial affect photographs and describe 
the features that led them to their answer. Corrective feedback was provided. Post-intervention, 
participants viewed photographs and circled the label corresponding to the display of facial 
affect. Although non-ASC matched controls performed significantly better than the ASC group, 
the ASC group scored significantly higher on this FER task post-intervention relative to their 
pre-intervention scores. This type of training certainly has benefits given the atypical face 
scanning behaviour in ASC (Boraston & Blakemore, 2007; Dalton et al., 2005; Klin et al., 2002b; 
Langdell, 1978; Pelphrey et al., 2002). By explicitly drawing their attention to different facial 
regions, it may follow that they adopt this strategy in real life encounters by adjusting their facial 
gaze patterns.  Furthermore, superiority in ASC for visual-verbal processing over visual-affective 
processing (Grossman et al., 2000) could mean that by instructively teaching the associations 
between the visual facial behaviours and their verbal counterparts, the ASC individual is able to 
compensate for their lack of intuitive affective skills by applying newly gained categorical 
knowledge. Furthermore, based on the finding that ASC individuals have a propensity to focus 
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on the differences between stimuli rather than similarities (Plaisted, 2001), providing two images 
side by side to allow for discrimination learning to take place appears a particularly effective way 
to teach this population. However, this was only done for those emotions which showed 
significant similarities and overlap. Whilst results from this study are promising, the extent to 
which acquired skills could be generalised to novel faces (different intensities etc.) or whether 
gains translated to real life social functioning was not examined.  
Group delivered social skills interventions have been found to be effective within the 
experimental setting, yet offer limited evidence for generalisation of skills (Bauminger, 2007; 
Hadwin et al., 1997; Howlin & Yates, 1999; Ozonoff & Miller, 1995; Turner-Brown et al., 2008). 
Group interventions employ a range of techniques, including cognitive behavioural therapy and 
peer and video modelling, to target specific behaviours in the social domain, such as 
conversational skills, emotion recognition and understanding and ToM. Whilst effective to some 
degree, they are not widely available (Rogers, 2000) and require highly trained therapists to 
deliver the interventions, over extended periods of time. In addition to the financial implications 
of offering group sessions (qualified staff, time and material resources, adequate learning 
spaces), group sessions present a socially demanding environment and could prevent or impair 
participation, especially for particularly socially anxious ASC individuals (Tantam, 2000). Finally, 
as mentioned in the introduction to this chapter, there is no ‘one size fits all’ treatment approach 
in ASC. Interventions need to take account of the heterogenic nature of the condition and 
should be tailored to the individual end user. Matching groups on cognitive ability, social skill 
functioning and pace of learning is an incredibly difficult task. Whereas some individuals may fly 
through the program, others may be left behind. This can have obvious implications for both 
those who respond well and quickly to training (losing interest whilst waiting for others to catch 
up) and for those who struggle to keep pace (losing motivation because the training is too 
challenging).  
The above section has reviewed a number of one-to-one and group teacher/therapist led 
interventions. Whilst effective to some extent, by themselves, they are not a feasible option 
when we consider that approximately 1.5% of the population are currently diagnosed with ASC 
and could benefit from therapeutic intervention (ADDM, 2014). If treatment and education is to 
reach every individual who needs it, more economical, variable and wide reaching approaches 
are required. Ploog (2013) refers to this as the requirement for “democratization” of treatment 
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and education in ASC. This requirement, along with a host of other benefits to be described in 
the following section, has led to an explosion in the development of computer-assisted learning 
(CAL) technologies which have become increasingly prevalent over the past two decades. The 
following section discusses the affordances of this approach and reviews currently available 
CAL FER interventions.  
5.2. Computer-assisted-learning (CAL) in ASC 
In addition to automation of treatment provision resulting in huge cost savings, in terms of 
reduced requirements for highly trained staff, learning spaces and associated resources, CAL is 
preferential to traditional approaches since remotely delivered technology allows for 
dissemination of training on a much wider scale, potentially reaching people all over the world. 
Furthermore, the CAL approach now dominates because of the affordances it specifically offers 
to this population. CAL programmes allow the researcher or clinician to control and minimise 
multi-modal inputs and to offer a predictable rule-based environment in which to learn. As it is 
well established that ASC individuals experience difficulties screening out unnecessary sensory 
information (Rutter & Schopler, 1987), have a need for sameness and predictability (Baron-
Cohen, 2008) and respond better to rule-based systems (Baron-Cohen, 2008), researchers are 
capitalising on the affordances of this medium in order to improve psychosocial outcomes 
(Grynszpan et al., 2014; Whyte, Smyth & Scherf, 2015). CAL interventions offer a highly 
structured learning environment, offering consistency throughout and allowing for repetition of 
acquired skills. Since ASC individuals have a preference for structure and have a learning style 
that favours consistency and repetition (Ploog, 2010) CAL appears to offer an optimal medium 
for ASC. The consistency and precision that CAL offers also improves treatment fidelity (Ploog, 
2010).  
However, these are not the only affordances that research-driven technologies can offer to 
autistic learners, their families, caregivers and service-providers. Automation eases the burden 
on ASC therapists, parents and caregivers, whilst simultaneously taking into account the 
(sometimes) verbal and (always) social interaction difficulties of ASC end users (Myers & 
Johnson, 2007). A CAL intervention can be amenable to the heterogeneity of ASC; customised 
to the specific needs of the end-user with different versions made available for non-verbal 
individuals as well as those who are not proficient readers (Moore, McGrath & Thorpe, 2000). In 
contrast to the issue of differential speeds of learning identified as troublesome in group therapy 
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sessions, CAL allows for progression at the rate of the student’s learning, increasing complexity 
in logical steps.  Importantly, CAL negates the need for the ASC learner to engage in social 
reciprocity and interactions with a teacher/trainer allowing them the freedom to focus on training 
materials without distraction or the effects of social anxiety. This freedom also affords them 
some degree of autonomy in their learning environment and since autonomy in itself has been 
found to maximise intrinsic motivation in learners (Ryan et al., 2006), this could help facilitate 
one of the primary aims of any intervention, keeping the ASC individual motivated to engage. It 
is also particularly important given the evidence suggesting that social interactions between the 
ASC student and teacher may confound the “to be taught” information and as such may present 
a barrier to learning (Gray & Garand, 1993). In contrast, the affordances of virtual reality have 
been recognised as a potentially beneficial means of providing interventions to ASC individuals 
(Parsons & Cobb, 2011). Artificial tutors (virtual humans) appear to be better suited to providing 
instructions, lessons and training to ASC individuals.  Although this area of research is still in its 
infancy, studies have revealed that when compared to traditional classroom settings, virtual 
tutors bring about better levels of retention in ASC individuals (Grynszpan, Martin & Nadel, 
2008). Another exciting finding in this area is that virtual instructors may also encourage 
generalisation of acquired skills to new settings (Bosseler & Massaro, 2003; Tartaro & Cassell, 
2008). Therefore, CAL interventions, if designed carefully, should provide a learning 
environment that can be independently navigated by the ASC individual (resulting in cost 
savings), promote retention of learning and overcome the generalisation difficulties 
characteristic of ASC.  
As mentioned in the introduction to this chapter, for interventions to have any chance of being 
successful, learners must be motivated to engage with and attend to the training materials 
(Moore & Calvert, 2000). Recent findings have verified that computer use is prolific in autism 
(Mineo et al., 2009; Orsmond & Kuo, 2011), that ASC learners have demonstrated strong 
motivations for electronic media (Shane & Albert, 2008) and that CAL technologies are effective 
in enhancing motivation and attention in ASC (Hetzroni & Tannous, 2004; Moore & Calvert, 
2000; Silver & Oakes, 2001). In addition to structured, consistent and rule-based environments, 
CAL technologies can present training materials in exciting ways; including stimulating visual 
and auditory stimuli in order to promote enjoyment and motivation to engage. Given the ASC 
strengths for visual processing, the ability to manipulate such features of CAL to provide a 
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visually stimulating learning environment could prove beneficial for this population (Rayner et 
al., 2009).  ASC children are more enthused with computers than they are toys, and, when 
compared to personal instruction, show increased motivation, attention and learning when using 
computerised programs, demonstrate better responding, intentionality and problem-solving and 
present with less behavioural issues during interaction with computers (Chen & Bernard-Opitz, 
1993; Silver & Oakes, 2001).  
The CAL approach has been used to successfully target a number of impairments in ASC 
including face processing (Tanaka et al., 2010), language (Hetzroni & Tannous, 2004; Whalen 
et al., 2006, 2010), social understanding (Silver & Oakes, 2001) and ER (Golan et al. 2009, 
2010; Tanaka et al., 2010). 
In response to the need to provide more cost-effective interventions for ASC, Whalen et al. 
(2006) developed and evaluated TeachTown Basics, a computer-delivered intervention 
designed to improve language skills and social behaviours in pre-school and school aged 
children. Supplemented by off-line activities, TeachTown has been found to be effective in 
improving both targeted domains and in particular, led to increased spontaneity of appropriate 
comments and decreased use of inappropriate language and behaviours (Whalen et al., 2006). 
Furthermore, greater interaction with the software, translated to greater gains in targeted 
outcomes (Whalen et al., 2010).  CAL has also been found effective as a medium to deliver 
training to improve vocabulary, grammar and receptive and expressive language in ASC 
children (Bosseler & Massaro, 2003). Incorporating a computer-animated teacher, ASC children 
benefited from training and there was evidence that they were able to generalise their learning 
to everyday life. Furthermore, when communicative functioning (including form use and 
language content) was targeted, Hetzroni and Tannous (2004) reported that training delivered 
via CAL was more effective than non-computer delivered training and demonstrated that this 
mode of intervention delivery resulted in generalisation of skills to a classroom setting. One of 
the most exciting findings from this study was that all children indicated a preference for the 
computerised intervention and participated in training until the activities were finished. CAL was 
found to be highly motivational and engaging and therefore demonstrates its ability to overcome 
a potential barrier to learning in ASC. In another study offering a direct comparison between 
computer-delivered instruction (via visual feedback) and traditional instruction (via play 
interaction) to encourage vocal imitation in young ASC children (aged three to seven), CAL was 
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effective in promoting significantly more vocal imitations (Bernard-Opitz et al., 1999).   In 
another comparison of CAL vs. non-CAL intervention, this time assessing the remediation of 
social understanding deficits, Bernard-Opitz et al. (1999) found that children benefitted more 
from computerised visual social stories.  
Moore and Calvert (2000) demonstrated the benefits of multi-media computerised 
reinforcements for ASC children. Directly comparing a CAL intervention and a behavioural 
program to teach young ASC children (aged three to six) to name simple objects, they found 
that the children who received computerised feedback including fun animations, music, colours 
and sounds responded better to training than children assigned to the behavioural group who 
received verbal praise or access to the object following correct responding. Attentional 
differences between the two groups were staggering. Children in the CAL group were attentive 
to training 97% of the time compared to 62% in the behavioural condition. The motivational 
benefits of the CAL approach was even more pronounced with 57% of children demonstrating 
that they wanted to continue interacting with the software compared to 0% in the teacher led 
behavioural group! This corroborates findings and suggestions that ASC interventions designed 
for children should be designed to be fun (Putnam & Chong, 2008). The attentional and 
motivational aspects of the CAL approach led to the CAL group learning 74% of the targeted 
words whereas the behavioural group only managed to learn 41% of targeted words.  
In a bid to remediate a number of face processing deficits in ASC, Tanaka et al. (2010) 
evaluated The Let’s Face It! (LFI!) computer game. The game targeted lack of bias to attend to 
the eye region of the face (Wolf et al., 2008), deficient identity recognition (Boucher & Lewis, 
1992) and impaired holistic processing of faces (Pallett et al., 2014). The game comprised 24 
games grouped into three hierarchically organised domains; domain one aimed to reinforce the 
child’s propensity to attend to faces, domain two focussed on remediating impaired face and 
facial expression ability and domain three aimed to teach children how to better recognise facial 
expressions in a social context. Each accessed game was progressively more difficult than the 
last, the programme allowed the child to set their own pace, there was no requirement for 
parental supervision and music and graphics were included to facilitate engagement. A pre-post 
design elucidated that after just twenty hours of play (over a period of two to four months), ASC 
children in the intervention group were significantly better at the analytic recognition of the 
mouth and, excitingly, demonstrated improved performance in holistically recognising the eyes, 
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relative to matched ASC controls who received no intervention. By focussing the ASC children 
on the eye region of the face during training, the ASC tendency to focus on the mouth region 
and the holistic impairment in ASC, was remediated to a point that allowed them to use and 
integrate eye information in the whole face. Performance gains were not however evident in 
detecting featural or configural face changes or identifying faces across different facial 
expressions or orientation, a finding that the researchers suggested was potentially due to the 
limited amount of time the children spent on training. However, LFI! did demonstrate that certain 
aspects of face recognition abilities in ASC are remediable through an independent CAL 
intervention.   
 
5.2.1. Facial Emotion Recognition (FER) in Computer Assisted Learning (CAL) in ASC  
Although there are several examples of educational software aimed at teaching FER such as 
Gaining Face (www.ccoder.com/GainingFace/) and Fun with Feelings 
(www.ultimatelearning.net) there are relatively few empirically reviewed interventions currently 
available.   
“Emotion Trainer”, a multimedia software programme, includes photographs of real people and 
animated emotional expressions and aims to improve basic FER and a number of ToM 
principles (Silver & Oakes, 2001). The FER component of the programme presents photographs 
of facial expressions one at a time and requires participants to choose which of four emotion 
labels accurately describe the portrayed emotion.  The ToM training component teaches 
participants how to anticipate emotional states in others from situational events and mental 
states. Emotion Trainer provides the participant with consistent feedback, reinforcements and 
prompts. For correct answers, participants are rewarded with a congratulatory message 
incorporating a short, fun animation. For incorrectly answered questions, they receive a 
message prompting them to try again along with cues to the correct answer provided on 
subsequent incorrect attempts. ASC individuals (aged ten-eighteen) participated in an 
evaluation study; half of whom received ten sessions of training over a period of two-three 
weeks and the remaining half, matched on gender, age and school class, receiving no 
intervention. Results demonstrated an improvement in the intervention group in all taught areas, 
however, the intervention had no effect on FER since the control group also demonstrated 
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similar gains indicative of any FER performance gains being attributable to the passage of time 
or practice effects (Silver & Oakes, 2001). However, ToM abilities did improve in the intervention 
group relative to controls offering support for the CAL approach. Silver and Oakes (2001) 
ascribed the failure of the intervention to significantly improve FER to potential issues with the 
validity of both the facial training stimuli and the facial stimuli used in the measures of FER 
ability (for example, the angry face did not present the typical facial behaviour associated with 
this emotion), rather than the CAL approach and stressed the need for valid and representative 
facial stimuli in future interventions and evaluative research. Positive feedback from school staff 
and the children who participated in the training was received post-intervention demonstrating 
that the children enjoyed the programme and were engaged, focussed and enthusiastic. 
Traditionally, ASC research has focussed on a deficit model of autism, with cognitive theories 
attempting to describe and explain the difficulties and impairments experienced by those on the 
spectrum and interventions attempting to rectify them. However, more recently, theorists have 
begun to turn their attention towards a more positive model of autism, one which focuses on 
describing and explaining the strengths and islets of ability commonly identified within this 
population.  This new way of thinking opens doors to revolutionary interventions which capitalise 
on these strengths in order to compensate for impaired social behaviours (Golan & Baron-
Cohen, 2007).  One such intervention, Mindreading: the interactive guide to emotions (Baron-
Cohen et al., 2004) draws on the ES theory of autism (Baron-Cohen, 2005), and aims to 
remediate the affective deficit in ASC by capitalising on their superior systemising abilities 
(Golan & Baron-Cohen, 2006) 
Mindreading is an interactive and comprehensive multimedia resource which combines text, 
video and audio to systematically teach emotions to ASC individuals. Information is presented in 
a taxonomic system of 412 basic and complex emotions and mental states systematically 
organised into thematic emotion groups and different difficulty levels corresponding to typical 
developmental ages. The software includes a library resource to learn about each emotion in 
addition to offering lessons and quizzes and includes reward and feedback systems to motivate 
learners (Golan & Baron-Cohen, 2006). Although evaluation studies of the Mindreading 
software (Baron-Cohen et al., 2004; Golan & Baron-Cohen, 2006), which assessed the efficacy 
of the intervention as a standalone intervention and in conjunction with social skills group 
training sessions, have reported significant improvements in adult user’s FER abilities relative to 
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ASC matched controls who did not receive training, gains have been limited to improved 
recognition of emotions from variations of taught stimuli (faces and voices used in the software). 
The intervention, whether used alone or supported by group social skills sessions, failed to 
enable distant generalisation (transference of acquired skills to real life situations) in adult HFA 
ASC users.   
La Cava et al. (2007) evaluated Mindreading with a group of children (aged eight to eleven) 
over a ten-week period. In contrast to the adult evaluation studies, children did demonstrate 
some generalisation of learning, although this was only apparent for emotive voices and not for 
FER. Results however must be interpreted with caution since this study employed neither an 
ASC or non-ASC control group. As such, the reported gains may have been due to practice 
effects or the passing of time. However, La Cava et al. (2007) observed different patterns of 
usage within the software, with some children primarily accessing the library section, others 
accessing quizzes but all children accessing the games section of the software. Post-
intervention feedback demonstrated that Mind reader was fun and motivating for the children, 
they enjoyed interacting with the software and found it interesting, which provides support for 
the assertion that CAL technologies may be particularly beneficial for delivering training to ASC 
children. 
Another example of a CAL FER intervention is the Frankfurt test and training of facial affect 
recognition (FEFA), developed and evaluated by Bolte et al. (2002). Comprising photographs of 
the basic emotions plus neutral expressions, the format is simplistic and involves participants 
viewing either whole expressive faces or the eye region of these faces only (to engender two 
levels of complexity) and choosing the label (from a list of seven possible answers) that 
corresponds to the facial affect displayed. Learning is bolstered by visual and acoustic feedback 
and in the case of incorrectly answered items, participants are able to view descriptions of the 
emotion in both text and comic strip format. Using a pre-post design, HF ASC adolescents and 
adults trained with the software for two hours per week over a five week period and FER gains 
between pre and post intervention were compared to an ASC control group who received no 
training. Significant FER performance gains were observed for the intervention group for both 
whole face and eye region only stimuli whereas no gains were observed in the control group, 
demonstrating the usefulness of the software, and this approach, to teach FER to HF ASC 
adults.  However, there was no generalisation of learning to novel faces or contexts.  Similar 
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behavioural results were observed in a subsequent study (Bolte et al., 2006). Behavioural 
results were combined with a neuroimaging study which assessed the effect of FEFA use on 
FER processing. Bolte et al. (2006) found no evidence of increased activity in the fusiform 
gyrus. FER gains in the intervention group however did coincide with greater right medial 
occipital gyrus and right superior parietal lobule activation and since these neural regions are 
believed to be implicated in compensatory face processing, it is suggested that the ASC 
individuals improved their FER abilities using differential strategies to those typically adopted by 
non-ASC individuals.   
Moore et al. (2005) developed and evaluated a CAL tool as a means of teaching FER and ToM 
to ASC children by presenting facially manifested displays of affect on humanoid animated 3D 
avatars. In this exploratory study, three stages of training were included which could be 
completed in any order. Stage one involved either selecting an emotion label that best 
represented the facial expression of the avatar or selecting a facially expressive avatar head 
(from a choice of four) that matched a description and label of an emotion. Stage two involved 
participants deciding which face was most appropriate to a given scenario (such as “how would 
you feel if your brother broke your toy car”?). Stage three required participants to choose a 
scenario or event that would bring about the emotion represented by a given avatar. The CAL 
captured and recorded data during use and results indicated that 90% of the participating ASC 
children (aged seven to sixteen) were able to identify and predict emotions from a 3D avatar 
and suggested that the facility for repetition and practice in addition to creating an environment 
whereby the child can express their own emotional responses to situations through an 
emotionally expressive avatar allows learning to take place. This study is offered as an example 
of a virtual reality which could be an appropriate environment for the delivery of ASC 
interventions. Since no control groups were included and no pre-intervention measures of FER 
were provided for comparison, the main results from this study pertain to the motivational value 
of the medium which was found to be positive.  
The Transporters animation series (Golan et al., 2009, 2010) uses animated vehicle characters 
to teach FER and emotion comprehension to low and high-functioning ASC children. Like Mind 
reader, this intervention aims to capitalise on the systemising cognitive style of ASC children by 
superimposing real life faces onto the bodies of animated trains. Since the ASC child’s typical 
cognitive style is that of a systemiser, they should, according to the ES theory (Baron-Cohen, 
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2005), be more likely to attend to these faces because of their preference for predictable rule-
based systems (such as vehicles). Golan et al. (2009) proposed that were the faces attached to 
human bodies, whose actions are wholly unpredictable, the child would be less likely to be 
attracted to them and opportunities for face appraisal would be diminished. Golan et al. 
hypothesised that because the faces were grafted onto characters that appeal to ASC children, 
they may appraise the faces (and implicitly learn the featural and configural clues associated 
with expressions of affect) without even being aware they are doing so. They capitalised on the 
preferences and superior abilities of ASC children to create a more ASC friendly context in 
which to learn. The intervention comprised fifteen five minute episodes, each one focussing on 
a particular emotional state. Basic and complex emotions and mental states deemed 
developmentally appropriate or useful to the child’s age (e.g. unfriendly, jealous, joking) are 
featured. Quizzes (easy and difficult), which include matching faces to faces, situations to faces 
and faces to emotions also feature and provide feedback and reinforcements.  A degree of 
autonomy is provided whereby the children can choose which episode to watch and which 
quizzes to access. Parental involvement in order to consolidate learning was encouraged 
throughout the training phase in order to practice generalising acquired skills and knowledge to 
real life situations. In an evaluation of the intervention, HF ASC children undertook training and 
were matched on age, gender and verbal ability to ASC children who did not receive training 
and non-ASC children. A pre-post design demonstrated that following intervention, the ASC 
intervention group significantly improved their FER and comprehension abilities relative to their 
pre-intervention performance. Furthermore, whereas prior to intervention, their performance was 
significantly poorer than matched non-ASC controls, following training, their scores were 
comparable. The ASC intervention group were also able to generalise their learning to new 
contexts (situations and faces that were not included in training and faces that were not grafted 
onto the bodies of trains). A couple of unique features of this intervention may have accounted 
for the success of Transporters where others have only seen limited success. Rather than 
simply presenting and labelling facial expressions of affect, the DVD series provided an 
explanation of the emotion and embedded it within context, which may have allowed the child to 
generalise this knowledge to new contexts. Golan et al. (2009) proposed that empathy gains, 
indexed by enhanced FER ability following four weeks of training, could be due to the appeal of 
the characters used to deliver the training and the impact this has on the child’s intrinsic 
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motivation to attend. This argument appears plausible given that children chose to watch 
between 49 and 382 episodes whereas they were only required to watch fifteen episodes per 
week. Although exciting, the study suffered from a number of weaknesses. No measure 
assessed whether performance gains translated to improved real life social functioning, 
although parental anecdotal reports suggested this may be the case with parents stating that 
the children were more interested in faces following intervention. However, the integrated 
approach adopted in this study (intervention plus parental support and consolidation of 
learning), whilst positive in terms of promoting discussions and interest in the topic area of 
emotions could have confounded results as to the efficacy of the intervention as a stand- alone 
remediation tool. Parental involvement was not controlled for and therefore the gains achieved 
in the evaluation study could have been due to parental tutoring, the DVD or a combination of 
both. This intervention however is one of the first to embrace and capitalise on the learning and 
cognitive styles and superiorities of ASC in order to address affective deficits.  
In light of these criticisms, Young and Posselt (2012) conducted a study which compared the 
efficacy of the Transporters DVD series with an alternative DVD series “Thomas Discovers 
Emotions” (TDE) and assessed whether either or both series led to improved FER and social 
functioning. This study was designed to clarify which elements of the Transporters DVD led to 
FER gains. ASC children (aged four to eight) participated, thirteen of whom were randomly 
allocated to the Transporters condition and the other twelve to the TDE condition. The TDE 
DVD comprised episodes from the popular Thomas the Tank Engine series. Fifteen episodes 
were selected based on their focus on emotional content and included characters from the 
animated series displaying expressions of facial affect and typically (but not always) these 
expressions were supplemented by a narrative describing the emotion felt. Whereas the 
Transporters DVD used human faces grafted into to the animated trains’ bodies, the TDE DVD 
presented facial affect on animated synthetic faces. Furthermore, whereas the Transporters 
DVD was specifically designed to focus the child on emotions and kept the background bland to 
avoid distracting features, the TDE merely included emotional content and the background was 
attention grabbing to children, as would be expected in a child’s animated series. TDE and 
Transporter episodes’ length were comparable. Results revealed that post intervention, FER 
gains were only achieved in the Transporters condition suggesting that the content of the DVD, 
rather than mere exposure to emotional information in a cartoon series was the causal factor of 
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remediation. However, interestingly, social behaviour (including increased use of eye contact) 
following intervention was significantly improved in both conditions, indicating that exposure to 
an ASC child friendly series featuring emotional content can positively impact social 
development regardless of the ability to pass FER tests in an empirical setting.  Although it 
could be argued that possibly the fact that emotions were conveyed on synthetic rather than 
human faces could have attributed to the failure of TDE bringing about FER improvements, 
since the children may struggle to generalise skills from a cartoon face to a real human face, 
failures could also have been due to a combination of the lack of focus on teaching FER in the 
TDE series and on the failure to minimise distracting competing background visual stimuli. It has 
long been established that stimulus over-selectivity during learning tasks (the individual 
responds only to a part of the relevant stimulus or attends to irrelevant stimuli) is problematic in 
ASC (Lovaas et al., 1979). To overcome this barrier to learning, especially in the case of 
teaching FER which requires focus on facial features, tasks should be explicitly taught through 
repetition, tasks should be broken down into small, manageable steps, presented information 
should be simplified and distracting features in the learning environment should be minimised, 
in order to promote focus on the “to be learned” materials (Lovaas et al., 1979). The TDE 
intervention did not explicitly teach FER skills, it did not promote focus on the faces of the 
characters and it provided a highly distracting learning environment. It is not surprising therefore 
that the children failed to improve their FER abilities.  
Given the finding that social behaviours can benefit from a cartoon series incorporating 
animated emotional faces however, it could be the case that, if integrated into a carefully and 
theoretically designed intervention, following the principles outlined above, similar or even better 
(discussed in the Chapter Six) gains could be achieved in FER. 
Also found to be both appealing to children and effective in remediating social skill deficits is 
FaceSay (Hopkins et al., 2011), a social skills intervention aimed at ASC children which embeds 
training in a colourful and fun game in a bid to motivate children. Designed for both low and high 
functioning children, FaceSay comprises three games, each of which is dedicated to 
remediating a different ASC impairment and includes a virtual avatar to guide the children 
through activities. Games target eye gaze attendance and the recognition and discrimination of 
faces and facially expressed emotion and include a range of activities including completing face 
puzzles and manipulating and matching faces and expressions. In an evaluation study, children 
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(aged six to sixteen) engaged in training over a six week period and whilst all children 
demonstrated improvements in FER and enhanced social interaction behaviours in natural 
environments such as the playground, relative to matched controls, the HF ASC group also 
improved their face recognition abilities. The researchers attributed the success of the 
intervention, in part, to its ability to engage the ASC children. Children showed an enthusiasm 
for starting training sessions and most continued playing until they had finished an activity. A 
more recent evaluation of FaceSay has reaffirmed the efficacy of this CAL technology (Rice et 
al., 2015).  
5.3. Serious games  
As demonstrated by the FaceSay review above, computerised game formats to deliver training 
appears to increase motivation in ASC children. Researchers from multiple disciplines including 
health and education have recently begun to capitalise on the affordances of the game 
environment. One way of delivering training through computerised media is by developing a 
computerised serious game. Serious games are games designed for purposes other than mere 
entertainment (Michael & Chen, 2006). The primary aim of serious games is to “foster learning 
of targeted skills that are particularly difficult and not rewarding for participants…” (Whyte, 
Smyth & Scherf, 2015, p.1). Computerised serious games have been found to be effective in 
education (Klopfer, Osterweil & Salen, 2009) and healthcare (Lieberman, 2001; Saperstein & 
Kurtz, 2013) and their success is evident when considering a recent market valuation of $1.5 
billion in 2010 (Djaouti et al., 2011). This is not surprising as games can afford an entertaining 
and rewarding environment in which to learn and therefore games appear the ideal platform to 
teach. Researchers and clinicians therefore capitalise on the affordances of games by 
embedding learning and motivation (Ryan et al., 2006) theory and evidence based training 
strategies within this medium, in order to promote enjoyment and intrinsic motivation to engage 
the end user.  
Although an emerging field of study with very few examples of evaluated serious games for 
ASC children and adults, empirical findings from educational research suggest that serious 
games may be key to addressing the two most important challenges facing developers of ASC 
interventions; motivation and generalisation (Habgood & Ainsworth, 2011; Whyte et al., 2015). 
The principles of serious games (described below) may further enhance the affordances of the 
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CAL approach and therefore, their adoption could revolutionise the delivery of future ASC 
interventions.    
 
5.3.1. Core features of serious games 
In order for serious games to be effective, intrinsic motivation to engage and play is of 
paramount importance and as such, a number of features of serious games have been 
identified as critical to enhancing motivation. Storylines, providing structure to the game and 
acting to integrate and contextualise the learning material are important features of serious 
games (Kapp, 2012). Storylines that are relevant to, and appropriately accommodate the to be 
learned material, have been found to enhance intrinsic motivation to learn (Baranowski et al., 
2008). Storylines are found in constructivist serious games. These games are designed in a 
way that promotes eagerness in the participant/patient to learn the skills (the learning objectives 
of the intervention) to reach goals within the game. Constructivist games do not shy away from 
the problem they are trying to solve; instead the problem is given centre stage with the inclusion 
of a subject relevant storyline. This is found to increase interest in and eagerness to engage 
with the “to be learned” material. One example of a particularly successful computerised 
constructivist serious game is Re-Mission (Kato et al., 2008). Re-Mission was developed to 
encourage cancer sufferers to adhere to their chemotherapy treatments and to enhance 
knowledge and understanding of their condition. The game requires players to save the lives of 
other cancer sufferers by travelling through the human body, shooting virtual cancer cells with 
their chemotherapy arsenal.  The congruence between the storyline, dramatic elements of the 
game (including rewards and goals) and the learning objectives of the game was argued to 
contribute to the success of the game achieving its objectives (Kato et al., 2008).  
Goal setting, again relevant to the “to be learned” skills, is another feature of serious game 
design identified as effective in enhancing intrinsic motivation (Garris et al., 2002). The inclusion 
of incremental goals (finishing stages, levels, accruing points) and an end goal (completing the 
game) keeps end users interested and motivated to keep playing, even as game difficulty 
increases (Baranowski et al., 2008). Incremental goals should be structured so that goal 
difficulty increases at the same rate as the participant’s level of competence or skill acquisition. 
Goals should be challenging yet achievable as continuous failure to achieve a goal, frustrates 
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and discourages participants from finishing the game (and hence the training programme) 
(Mishra & Gazzaley, 2014). This feature of game design is informed by flow theory, which 
postulates that engagement, focus and task enjoyment is maximised when skill levels are 
matched to the goal in hand (Shernoff et al., 2003).  
According to Habgood and Ainsworth (2011), games should also include a feedback and reward 
system, especially important when goals become more challenging. Continuous positive 
feedback acts to keep participants informed about their progress whilst rewards encourage the 
participants to continue playing to the end (Kapp, 2012).  Computer delivered feedback has 
been found to be effective for ASC children. One study demonstrated that computer delivered 
auditory and visual feedback effectively promoted spontaneous speech-like vocalisations in low 
functioning ASC children (Hailpern, 2008). Hailpern (2008) discovered that whilst some of the 
children in the study responded more favourably to visual feedback, others achieved greater 
gains from auditory feedback whilst one child benefitted from a combination of both. The pliable 
nature of CAL can easily accommodate these diverse preferences. 
Finally, provision of an environment which allows the participant some level of autonomy is 
considered one of the most important features of serious game design for maximising intrinsic 
motivation. Informed by self-determination theory (Ryan et al., 2006), this feature allows the 
participant some degree of control over their learning experience. Huntinger (1996) and Lahm 
(1996) found that non-ASC learning disabled children showed a preference for computer 
programs because they were able to direct the program to some extent themselves. In addition, 
the multi-media affordances of computer programs (animations and auditory features) 
strengthened the preference for CAL over non-CAL in learning disabled children. 
5.3.2. Serious Games in ASC  
Although the affordances of the CAL approach have been recognised and increasingly applied 
to ASC interventions over the past two decades, the serious game elements (storyline + goals + 
rewards + difficulty increases + individualised) have not been readily incorporated by ASC 
intervention developers. For example, all the CAL interventions reviewed in the previous section 
of this chapter are examples of either cognitive training interventions (Bolte et al., 2002; Whalen 
et al., 2006) or virtual reality approaches (Grynszpan, Martin & Nadel, 2008). Even CAL 
approaches which present training in a game format, such as The Let’s Face It! program 
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(Tanaka et al., 2010), whilst including a theme, a point system to promote medium term goals 
and offered a degree of autonomy to its end users, failed to include a story based narrative 
which, if included, may have improved targeted outcomes.  FaceSay (Hopkins et al., 2011) was 
found to be an effective tool for remediating social behaviours and FER and did incorporate a 
number of serious game elements. There were increasing levels of difficulty, a rewards system 
whereby children were awarded points, the provision of positive feedback and an underlying 
theme. However, a lack of a coherent and comprehensive narrated storyline and long term 
goals could have limited its success to some degree. 
In a review of serious games in ASC, Whyte et al. (2015) found only one of sixteen empirically 
reviewed CAL interventions targeting the domains of language, face processing and social 
skills, included all of the serious game principles. The only intervention which satisfied all 
serious game criteria was the Junior Detective Training Program (JDTP) game, a social skills 
intervention aimed at HF children between the ages of eight and twelve (Beaumont & Sofrnoff, 
2008). Three domains are targeted; ER (facial and postural), emotion regulation and 
management and social interaction. A clear, logically progressing storyline is provided whereby 
a central character of the game, is tasked with decoding ‘suspects’ thoughts and feelings. To do 
this, participants must first decode how suspects feel by appraising their facial expressions, 
postures and speech prosody. Both basic and complex emotions are included and emotions are 
communicated by both cartoon and human faces.  Participants then use nonverbal and 
environmental clues to interpret how cartoon characters might feel in a number of different 
situations. Once skill acquisition has been successful, the final level presents participants with 
missions where they apply their learnt knowledge to deal with social situations such as 
interacting with others. A mission presents the participant with a scenario which requires them 
to determine how someone is feeling and then deciding on the most socially appropriate course 
of action to take. Rewards are provided along the way and once the child has completed the 
game, the junior detective graduates. It was found that following eight sessions of JDPT, 
supported by offline group social skills training, ASC children demonstrated enhanced social 
skills, including emotion management, relative to waitlist ASC controls. Furthermore, in line with 
findings from the educational and health disciplines (Kato et al., 2008; Klopfer, Osterweil & 
Salen, 2009; Lieberman, 2001; Saperstein & Kurtz, 2013) there was evidence of distant 
generalisation (the children applied their learning to real life contexts). In contrast, no gains 
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were achieved in FER relative to controls. Since the game format was successful in remediating 
emotion-regulation impairments and social functioning, the lack of FER gains could potentially 
be due to the ER strategies employed, rather than the format in which they were delivered. 
Since the serious game was supplemented with offline group and individual social skills support, 
the extent to which the researchers can attribute the demonstrated social functioning gains to 
the serious game is limited since other factors may have contributed. 
5.4. Summary 
ASC impairments can be remediated to a degree given appropriate intervention and in 
particular, early intervention. Early intervention is particularly important for addressing a lack of 
attention to faces since social attentional and motivational theories suggest that face processing 
deficits arise because ASC individuals do not preferentially attend to social stimuli and as a 
result, experience with faces is limited which prevents normal development of face processing 
abilities. Furthermore, a deficient appreciation and understanding of another person’s emotional 
state can lead to difficulties in interpersonal relations and intersubjectivity, such as experiencing 
shared emotional understandings of situations and this lack of experience can negatively impact 
cognitive, language and emotional capacity. ER difficulties therefore have a cascade of effects 
in a number of ASC symptoms and domains. It therefore follows that enhancing ER abilities in 
ASC children early in development may lead to an attenuation of deficiencies in other domains 
and most certainly will reduce the confusion the social world presents.  
CAL technologies have become increasingly popular, inspired in part by their ability to deliver 
training in a more economical way by reaching those in need on a much broader scale. CAL 
technologies can offer (cash strapped) service-providers a far less expensive and more easily 
accessible treatment option and their remote delivery affordance provides the means do this on 
a massive scale. In addition, CAL technologies provide a learning environment that is 
particularly suitable for accommodating the preferences and cognitive and learning styles of 
ASC individuals. This learning environment has been found to motivate ASC individuals whilst 
simultaneously removing barriers (ASC individual-teacher interactions) to learning. Despite a 
growing body of research evidence to suggest that the CAL approach is successful in 
remediating face and emotion processing, language deficits and a range of adaptive social 
skills, generalisation difficulties still plague the literature and present an ongoing challenge. It 
could therefore be that whilst motivation is an affordance of CAL for ASC populations, training 
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may still not be intrinsically motivating enough to engage the ASC individual sufficiently to 
enable generalisation to take place. Young children in particular require motivation if there is 
any chance of ensuring critical early FER interventions are delivered effectively. In light of the 
empathy imbalance hypothesis which posits that ASC individuals are over-sensitive to the 
emotions of others which may cause them to actively avoid attending to emotions in others 
because of the distress this causes, ensuring that children attend to materials that are 
demonstrated to be unpleasant, uncomfortable, uninteresting and sometimes even aversive to 
ASC children (such as faces) but which are central to bringing about improvements, is a 
particular challenge and therefore motivation must be a primary aim of any future intervention 
aiming to enhance FER abilities. Another way to achieve this is by displaying emotions on faces 
that are less likely to be rejected. Animated characters have been found to motivate ASC 
children and lead to enhanced engagement, gains and generalisation and as such, this avenue 
should be explored further.  
Findings from multiple disciplines suggest that serious games may be particularly beneficial for 
addressing motivation and generalisation issues. Their principles combine learning theory, 
motivational theory and game design to create a unique and exciting remediation tool which 
may be particularly beneficial to ASC populations. Whilst empirical evidence in education and 
health disciplines suggest that serious games can foster enhanced motivation and facilitate the 
generalisation of skills from the clinical intervention setting to contexts beyond the game,  these 
proposed benefits have not yet been fully embraced by the ASC research community. However, 
findings from a number of interventions which have adopted a number of these principles have 
demonstrated some degree of success (Hopkins et al., 2011; Tanaka et al., 2010).  It is possible 
that if they had integrated all of the principles outlined by serious game proponents, gains may 
have been greater. Future research will undoubtedly elucidate this further as this approach 
gains momentum and further infiltrates ASC research.  
The only game identified as satisfying all the criteria of a serious game, the JDTP (Beaumont & 
Sofronoff, 2008b) demonstrates promising results. However, as demonstrated by this 
intervention and its subsequent evaluation, although a serious game is effective for remediating 
impairments in ASC, it is not sufficient.  
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CHAPTER SIX 
RATIONALE FOR THE EMOTIQUEST DESIGN 
 
This chapter is dedicated to outlining the rationale for incorporating synthetic face stimuli 
training materials, adopting a tri-stimulus approach to training and for including discrimination 
and categorisation training strategies collectively into a serious game to improve the FER 
abilities of ASC children.  
6.1. Synthetic faces in ASC Facial Emotion Recognition (FER) interventions 
 
This section is dedicated to exploring the potential affordances of systematically integrating 
synthetic, cartoon facial stimuli (alongside real life human faces) into FER interventions for ASC 
children. A rationale is presented for the adoption of a unique tri-stimulus approach to training 
(simplistic synthetic face -> more realistic synthetic face -> human face). There are two strands 
to this rationale; a preference argument that suggests synthetic characters are more likely to 
both reduce distress or reluctance to view synthetic facial stimuli in FER interventions and 
encourage and motivate the child to attend to faces and engage with the training materials; and 
a processing argument which suggests that synthetic faces may be processed more effectively 
during training by ASC children and therefore lead to enhanced FER and generalisation of 
these skills to novel faces.  
6.1.1. Synthetic face advantage in ASC 
Whilst human faces are differentially attended to and processed by ASC individuals, there is 
evidence to suggest that cartoon faces have a remedial effect on a number of atypical face 
processing behaviours. This phenomenon, whilst exciting and having obvious clinical 
implications for the remediation of face processing deficits is not surprising given anecdotal and 
clinical reports that ASC children spend large amounts of times looking at cartoons (Miyahara et 
al., 2007). Anecdotal reports from parents and bloggers suggest that ASC children are more 
socially interactive and responsive, follow instructions better and respond to questioning at an 
individual and group level more when an interactive animated cartoon character (avatar) is 
involved than in normal everyday functioning (e.g. Turtle Talk with Crush, Jones, 2008).  
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Early support for the notion of a cartoon preference in autism comes from a neuroimaging case 
study that compared the neural activity of a young autistic boy during the viewing of human and 
synthetic faces. Although there was, as is to be expected in ASC, no activation of the fusiform 
face area (FFA) (an area implicated in face processing) (Hubl et al., 2003; Piggot et al., 2004), 
when the boy processed human faces, this atypicality was eliminated when the boy processed 
cartoon faces (Grelotti et al., 2005). Typically, whilst no stimuli type activates the FFA to the 
extent that faces do (Kanwisher, 2000), this region does see increased activation when people 
with particular expertise with certain non-face objects (cars for example) view their specialist 
object (Gauthier et al., 2000). The FFA is therefore considered a specialist neural network 
associated with the expert processing of “special” stimuli. Since Grelotti et al. (2005) observed 
enhanced FFA activation in response to a cartoon face but not to real faces or non-face objects, 
it is suggested that the ASC boy showed expertise solely for the cartoon character. In addition 
to differential FFA activation, in a behavioural categorisation task comparing performance to 
familiar faces, unfamiliar faces, everyday objects and cartoon character stimuli, the ASC child 
demonstrated individual level categorisation for the cartoon characters only.  Given that 
typically, we categorise objects for which we have no particular expertise much faster at the 
basic level (flower) than at the individual level (rose) whereas individual level categorisation is 
as fast as the basic level for objects we have expertise with (Tanaka, 2010), this finding 
suggests that the ASC child in this study showed expert processing of the cartoon faces at the 
categorical and neural level, whereas all other stimuli, including human faces, attracted non 
expert processing.  The researchers interpret these findings as indicative of the child’s 
differential amount of experience with human face and cartoon stimuli. Atypical social orienting 
to human faces would render the child a novice face processer whereas a substantial amount of 
time looking at, interacting with and thinking about the cartoon character would enable him to 
become an expert with this stimulus. If objects of expertise recruit the FFA and more effective 
processing (Gauthier et al., 1999) this has implications for the remediation of face processing 
(and potentially FER) deficits in ASC. Increasing experience with faces so that the child 
becomes a face expert appears key. Since cartoon faces are accepted rather than rejected by 
ASC children, as evidenced by Miyahara et al. (2007) who demonstrated that ASC children 
enjoy watching cartoons, perhaps because cartoon characters remove the anxiety inducing 
social demands that they associate with human interaction, and, given that cartoon faces are 
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processed in a typical manner, then cartoon faces appear to be the best starting point for any 
remediation attempts. This rationale is strengthened further when we consider another finding of 
this study which indicates that cartoon characters may capture attentional resources in a similar 
way as human faces do non-ASC individuals. As discussed in Chapter Two, the amygdala is 
implicated in detecting the significance of stimuli in our environment and orientates our 
attentional resources accordingly (Adolphs & Spezio, 2006) and orbitofrontal–amygdala circuit 
activation, especially in response to social stimuli such as faces is disturbed in ASC 
(Bachevalier & Loveland, 2006). As such, social orientation responses are abnormal in ASC 
and this is argued to result in reduced experience with faces. Grelotti et al. (2005) found that the 
amygdala of the ASC boy in response to the cartoon character was significantly engaged, 
indicating that this stimulus was particularly salient, had a high reward value and as such 
preferentially attracted attentional resources. As expected, typical amygdala activation in 
response to human faces was not evident in the ASC child, reflecting non salience. 
These findings suggest that typical neural functioning seen in response to viewing faces can 
occur in ASC, provided the correct conditions are in place. However, the extent to which results 
suggesting that cartoon faces elicit typical neural functioning in ASC can be generalised is 
limited and the exact nature of the correct conditions remains elusive, given that the study used 
a single case study and the cartoon characters used were familiar to the participant.   
As discussed above, in neurotypical individuals, human faces are perceived as special and as 
such are processed in a different manner to non-face stimuli. Typically, for face stimuli, there is 
a tendency to process the input globally rather than serial-analytically, possibly because global 
processing (an appreciation of the spatial configuration of facial features) has been found to be 
advantageous in face recognition (e.g. Brunelli & Poggio, 1993). Individuals with ASC do not 
appear to perceive human face stimuli as anything 'special' and thus process the human face in 
the same way as they would any other object in the environment, utilising elemental rather than 
configural processing and recognition strategies. The use of this less effective processing 
strategy has been suggested to underlie the deficits in ER in ASC (Teunisse & de Gelder, 
2001). However, Rosset et al. (2008) showed that, generally, ASC children do adopt the typical 
global strategy when processing cartoon faces in the same way as non-ASC children do when 
they process human faces. In a study assessing configural processing of faces during an 
emotional expression decision task, HF ASC children, as expected, adopted a feature-based 
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processing style when appraising photographs of human faces, indexed by the lack of a FIE 
relative to matched non-ASC controls. However, when they viewed inverted images of both 
human and animal cartoon emotive faces, a FIE was observed in the ASC group to the same 
extent as it was evidenced in the non-ASC group for all cartoon facial stimuli (human and 
animal cartoon faces). ASC children therefore only exhibited a FIE for cartoon faces, indicative 
of normative configural processing of this stimulus type. In other words, cartoon faces appear to 
hold the special status that human faces hold for typically developing individuals. Since the 
cartoon faces contained fewer facial features which were more distinguishable than those 
present in human faces, characteristics which typically attract a feature-based processing style, 
perceptual aspects of the cartoon faces were ruled out as an explanation for the differential 
processing. Instead, the researchers proposed that the results were indicative of social salience 
and experience with the class of stimuli. ASC children do not preferentially attend to human 
faces and, as outlined in problem one above, have been found to experience discomfort 
appraising emotionally expressive faces and thus lack human face expertise which manifests in 
a non-expert feature-based processing style. However, cute cartoon characters naturally appeal 
to children and are viewed and interacted with more frequently, especially in the case of ASC 
children (Miyahara et al., 2007; Sevlever, 2014) and therefore could be construed as socially 
relevant to this population. Rosset et al. (2008) argue that experience and social preference for 
cartoon character faces lead to acquired expertise for this stimulus class and results in cartoon 
faces being more expertly processed by ASC children. This interpretation of experience, 
salience and familiarity leading to more normalised face processing is supported by the finding 
that, whilst still reduced relative to non-ASC individuals, FFA activation in ASC is greater in 
response to viewing familiar faces than unfamiliar faces (Pierce et al., 2004). 
Synthetic characters and faces also appear to normalise a number of other face processing 
behaviours such as gaze activity (van der Geest et al., 2002a). As discussed, it has been 
repeatedly demonstrated that in social situations people with ASC fixate, not on the human face 
but instead on socially irrelevant details (Klin et al., 2002). However, this atypical gaze 
behaviour does not extend to cartoon faces. Van der Geest et al. (2002b) found that ASC 
individuals fixated on a cartoon drawing of a human figure more frequently and for longer 
periods than they fixated on neutral objects (trees, boats etc.) also present in the visual field. In 
addition to normalised orienting to social stimuli, there were no differences between ASC and 
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non-ASC children in the amount of time they spent looking at the pictures, the number of 
fixations made or the average or total scanpath durations.  
Further evidence for normalised social orienting to cartoon faces in ASC was provided in a 
recent study by Silva et al. (2015). This study used an approach-avoidance task in order to 
investigate differential motivational responses to emotionally expressive cartoon and human 
face stimuli. HF ASC individuals and age and IQ -matched non-ASC controls viewed singular 
images of emotionally positive, negative and neutral cartoon and human face stimuli and were 
required to pull or push a joystick in response to the colour of the border surrounding the image. 
A joystick push resulted in the size of the image decreasing until it completely disappeared at 
full depression whereas a joystick pull caused the image to increase in size, again disappearing 
from the screen once the joystick was pulled to the maximum degree. In both cases (push or 
pull), the faster the joystick was moved, the faster the image on the screen increased or 
decreased in size. Participants were asked to respond to the stimulus border colour as quickly 
as possible. The colour borders were in fact arbitrary and only present to allow the researchers 
to compare the motivational responses of the two groups to the two types of stimuli (cartoon 
and human) and valence (positive, negative and neutral) without explicitly instructing them to 
respond to the images. This paradigm therefore promotes responding based on aspects of the 
stimulus that are not content related (colour borders) which in turn reveal the implicit association 
between the desire to enhance or diminish proximity to stimuli and the motor response 
underlying this approach or avoidance behaviour (Roefs et al., 2011). Results for the ASC 
group demonstrated significantly faster “push” reaction times in response to emotionally positive 
real face stimuli than for emotionally positive cartoon faces, indicative of a greater need to avoid 
emotive human faces. In addition, emotionally positive cartoon faces attracted longer “pull” 
duration times than their photographic counterparts, demonstrating a greater approach 
response to cartoon faces. These findings were not influenced by gender, age or cognitive 
ability. This study adds weight to the synthetic face advantage in ASC, highlighting that ASC 
adolescents show an implicit preference for cartoon over human face stimuli whereas non-ASC 
matched controls demonstrated comparable reaction and duration time pull and pushes across 
both stimuli classes. Silva et al. (2015) propose that whereas human face stimuli is intrinsically 
rewarding to non-ASC individuals and therefore is attended to early on and throughout 
development, leading to expertise in face processing, the affordances of cartoon faces (socially 
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undemanding) leads to interest in ASC and attracts a reward value in the same way as human 
faces are rewarding to neuro-typical individuals.  This atypical approach response to non-
human stimuli suggests that this class of stimuli is more salient in ASC, has a higher 
motivational value and could potentially be recruited to enhance social attention during FER 
interventions (Serret et al., 2014). 
The above findings are further corroborated by evidence that ASC children saw greater gains in 
an FER training program which used emotionally expressive cartoon characters than they did 
when training involved emotionally expressive real face photographs (Silver & Oakes, 2001).  
6.1.2. The Tri-Stimulus Approach to Facial Emotion Recognition (FER) Training 
To remove the potential barriers to FER learning that human faces can present to children with 
ASC (reluctance to engage with stimuli and atypical perceptual processing of faces), 
Emotiquest has been designed to include three different classes of facial stimuli: 1) emoticon 
faces (graphics which are simple and invariable, minimising distractibility and intensifying focus 
on critical face regions); 2) computer-generated cartoon faces (CGC) (slightly more variability, 
complexity and ecological validity) and; 3) photographs of human faces (vital for any FER 
training if there is any possibility of generalisation of learned skills to real life social situations).  
 
6.1.2.1. Emoticon faces 
Emoticons are symbols used in computer-mediated communications to convey the emotion of 
the author. They express emotions through exaggerated, archetypal representations of facial 
expressions and are represented as large round faces consisting of a small number of facial 
features. It is suggested here that emoticon faces should specifically be included in the 
Emotiquest intervention for a number of reasons. Firstly, they consist of few facial features and 
therefore potential distractibility is minimised and focus intensified on those features, which 
convey the greatest amount of emotional information (i.e. the eyes and mouth). This may prove 
particularly beneficial given the encouraging results of FER interventions which explicitly 
focused the ASC individuals’ attention on the features associated with each emotion (Miyahara 
et al., 2010; Tanaka et al., 2010). Furthermore, given that a study demonstrated that the 
recognition of surprise can be facilitated by focussing attention on the eye region in typically 
developing individuals (Bal et al., 2010), a minimalistic canvas may promote attention to the eye 
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region and improve recognition of this emotion in particular. By removing distracting features 
(ears, wrinkles, facial hair etc.), attention will be focussed only on features which convey 
emotion, negating the need for explicit instruction to attend and encouraging an implicit 
motivation to attend to the relevant facial features.  Furthermore, in light of the finding that a 
DVD series which merely exposed ASC children to facial affect communicated by very simplistic 
synthetic faces, led to enhanced social functioning (including increased use of eye contact in 
real life social settings), it appears that simplistic child friendly stimuli featuring emotional 
content can bring about positive change in ASC children (Young & Posselt, 2012). Although 
Young and Posselt (2012) did not find evidence of FER gains following intervention with this 
DVD, this was likely due in part to the lack of emphasis on the teaching of facial expressions 
(they were exposed, not taught) and in part to the presence of attention competing background 
features.  
Emoticons also represent the extreme exemplar of a particular emotion, for example, a happy 
emoticon presents with a very wide smile and bright wide eyes. As discussed in Chapter Four, 
ASC children find it easier to identify exaggerated exemplars of facial affect (Rump et al., 2009; 
Walsh et al., 2014) than subtle exemplars (Greimel et al., 2010). Even negative valence 
emotions, such as fear and anger, which are documented as posing particular issues in ASC 
(Ashwin et al., 2006; Pelphrey et al., 2002) can be identified when presented in a prototypical or 
exaggerated manner (Rump et al., 2009). Amplifying the defining characteristics of an emotion 
may allow them to capitalise on their WCC and systemising cognitive style by applying a tick list 
type strategy in order to categorise the presented emotions (Rutherford & McIntosh, 2007). 
Therefore, as a first stage of training, emoticons are important for two reasons. They focus the 
child on the defining characteristics of each emotion and they present a less challenging task at 
the start of training when skills are not yet developed. Drawing on flow theory (Shernoff et al., 
2003), engagement, focus and task enjoyment is optimised when ability levels are matched to 
the current goal. As such, emoticons offer prototypical representations of each emotion with low 
variability and complexity and so should provide an ideal foundation, or first step, upon which to 
build FER skills.  
6.1.2.2. CGC faces 
CGC face stimuli, whilst more ecologically valid than emoticons are still less detailed than 
human faces, less variable and have less distracting features. CGC faces could be integrated in 
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FER interventions to act as a bridge between the recognition of facial expression in the 
graphically simple emoticons and the more challenging, diverse human portrayals.  
Low-variability and distractibility are not the only reasons for including cute, synthetic characters 
such as emoticons and CGCs in a FER intervention for ASC children. The merits of the attribute 
of “cuteness” could be considered one of the strongest justifications. Cuteness is generically 
associated with childlike aesthetic qualities such as roundness of form and face, large eyes and 
disproportionately large heads. Consequently, by association, cute cartoon characters also 
share the non-aesthetic attributes associated with childhood such as sweetness, gentleness, 
vulnerability, loveability and innocence (Tosca, 2003). These attributes of cuteness have been 
found to evoke happiness (Demirbilek & Sener, 2001) warmth (Papanek, 1995) and crucially, 
empathy (Rollings & Adams, 2003). As such, cuteness has long been the aesthetic design 
choice for toy manufacturers and cartoon illustrators and is fast becoming the predominant 
design choice in computer game character construction (Tobin, 2004). It is easy to see how 
emotion researchers and in particular those designing FER interventions for use with young 
people could also benefit from the affordances offered by cuteness. Characters who naturally 
evoke feelings of warmth or pleasure and are designed to be empathised with, are likely to have 
a positive effect on the child's learning experience and, therefore, positively impact upon their 
learning performance. Recently, animated cartoon mechanical vehicles have been used to 
effectively teach autistic children to empathise (Golan et al., 2009). Golan et al. (2009) proposed 
that empathy gains, indexed by an enhanced ability to recognise and comprehend emotions 
following four weeks of watching the Transporter’s DVD, could be due in part to the appeal of 
the characters used to deliver the training and the impact this has on the child’s intrinsic 
motivation to attend.  Although the faces grafted onto the vehicle characters were human, Golan 
et al. (2009) proposed that because the ASD child’s typical cognitive style is that of a 
systemiser, they should be more likely to attend to these faces because of their preference for 
predictable rule-based systems (i.e. vehicles).  
However, a recent study by Sevlever (2014) disputes this interpretation. Sevlever (2014) 
adopted an eye tracking paradigm to examine ASC children’s gaze behaviour to emotionally 
expressive, well known cartoon faces (Thomas the tank engine and Woody from Toy Story). 
Stimuli were manipulated to provide a number of conditions whereby the faces of the cartoon 
characters were grafted onto different bodies (human, train etc.). Sevlever (2014) found that the 
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presence of circumscribed interests (Thomas the tank engine train body) caused the ASC 
children to direct their attention away from the emotive faces. These results suggest that 
presenting facial expressions in a context that is particularly salient to the ASC child actually 
distracts them rather than focusses them and therefore other interpretations for their findings 
need to be considered. Another possible alternative explanation offered here therefore, is that 
the enhanced capacity for cognitive empathy (FER ability) seen in children following training 
came about, not because of the mechanical and rule-based nature of the training characters 
(which in light of these recent findings could actually have attenuated potential gains), but 
simply because any cute cartoon character naturally evokes feelings of empathy and captures 
attention. Indeed, Sevlever (2014) confirmed this assertion by observing that the large eyes of 
the cartoon characters increased the salience of these faces and facial features and this 
resulted in implicit cuing to attend to the eye region of these cartoon faces. The inclusion of 
synthetic face stimuli in FER interventions for ASC children is therefore important in that it will 
allow researchers to investigate whether cartoon faces can help evoke empathy and implicitly 
direct attention to critical regions of the face during training. It is strongly suggested here that 
there is a need to promote research in this area to explore whether cartoon character face 
qualities could be harnessed and exploited in order to teach FER skills.  
Social salience may also lead to enhanced abilities to learn to decode emotions in CGC faces.  
According to the perceptual learning hypothesis, commonly used to explain the same-race bias 
in face recognition (Levin, 1996), the more frequent the encounter with a group of others, the 
more expert that person becomes in processing those types of faces.  As such, the relatively 
greater frequency with which children view and interact with synthetic characters may mean that 
synthetic faces are easier to decode. Since ASC children have been found to spend long 
periods of time looking at cartoons (Miyahara et al., 2007), this type of visual input may be 
particularly appealing to them, and, if this is the case, could have implications for both the ASC 
child’s intrinsic motivation to attend to such faces (due to the social salience of the stimuli), and 
their more effective processing of the faces. In ASC therefore, it may be crucial to present 
emotions on more familiar stimuli during training. Likewise, according to Sporer’s (2001) in-
group/out-group model of face processing, the type of face processing strategy adopted when 
encountering a face is subject to whether that person (face) is awarded in-group status. Faces 
of people judged to be members of an in-group (e.g. own-age, own-race etc.) are processed in 
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a more efficient manner, whereas those who are categorised as members of an out-group 
(other-age, other-race etc.), are afforded less attentional and processing resources. Given this, 
it is proposed here that since cartoon characters naturally appeal to ASC children and are 
viewed and interacted with more frequently in childhood and especially in ASC (Miyahara et al., 
2007), it is possible that they may automatically be awarded in-group status and as such, may 
offer a plausible explanation for why they have been found to be processed in a more effective 
manner by children (Grelotti et al., 2005, Rosset et al., 2008) 
6.1.2.3. Human faces 
Human face stimuli are vital in any FER intervention if there is any possibility of generalisation 
of learned skills to real life social situations so human face stimuli complete the tri-stimulus 
collection of facial stimuli in the Emotiquest intervention. Human face stimuli are introduced in 
the later games of each stage, only when learning of emotional expressions has been 
demonstrated with emoticon and CGC faces.  This ensures a more systematic, step-by-step 
progression from less ecologically valid, simple and less challenging facial stimuli to more 
ecologically valid and complex stimuli. Since children must learn to recognise the archetypal 
representation of each emotion before they can attempt to move on to the next stage of training 
(the next game), it is proposed that their skill level will be appropriate to meet the challenge.  
This tri-stimulus approach presents the child with a large number of emotional expression 
exemplars in different contexts (synthetic and human faces). It is proposed that by exposing the 
child to variations of exemplars and introducing a variety of contexts, that this will enable 
generalisation of a learnt skill (emoticon) to be transferred and practiced in another context 
(CGC) and finally, transferred and practiced on ecologically valid human faces.  
6.1.3. Can synthetic faces adequately convey emotion? 
The creator of synthetic faces can design them to appear realistic, detailed and natural, 
unrealistic, crude and minimalistic and anywhere in-between. This capacity to directly 
manipulate and control the amount of information each face provides, having the ability to 
constrain the amount of visual detail included, minimising or even eliminating conflicting or 
distracting signals, has implications for how these faces communicate emotion and how 
researchers can utilise them as research stimuli and FER training materials.   
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One might be tempted to argue that synthetic face stimuli are ill-equipped to adequately 
communicate facial expression of emotion as this requires intricate contracting and relaxing of 
multifaceted combinations of facial muscles (Ekman & Friesen, 2003). However, the findings of 
numerous studies (Fabri, Moore & Hobbs, 2004; Massaro, 1998; Wehrle et al., 2000) 
investigating the human ability to decode emotion in synthetic images refute this and have 
demonstrated that emotional expressions can be successfully portrayed with only a limited 
number of facial features. Massaro (1998) showed that humans could accurately perceive the 
emotions of Baldi, an animated, synthetic talking head. Adding to this work, Bartneck (2001) 
demonstrated that the emotional expressions conveyed by Baldi were recognised as well as or 
even better than emotions portrayed by natural faces. Bartneck (2001) also investigated the 
effect of level of abstraction (natural human face versus computer rendered face) on both the 
convincingness and distinctiveness of facial expressions of affect and found that expressions 
conveyed by both types of face were equally convincing but it was the synthetic face that 
produced expressions significantly more distinct than the human face. Similar results have been 
found in studies examining the perception of facial expressions displayed by virtual agents or 
avatars (Pandzic & Forcheimer, 2002) and robots (Schiano et al., 2000) as long as the synthetic 
characters' emotional expression is adequately expressed in critical areas of the face (Tinwell et 
al., 2011). Cartoon-like, synthetic faces have been found to yield very high FER rates 
(approximately 90%) (Kobayashi & Hara, 1996). Furthermore, virtual facial expressions of 
emotion have been found to elicit sub-cortical activation to the same magnitude as is observed 
for the viewing of real human facial expressions (Moser et al., 2007). Even simplistic line 
drawings of the human face (Etcoff & Magee, 1992; Katsikitis, 1997) are adequate to convey 
emotional expressions, signifying that the multitude of intricate face changes that are captured 
using high quality photographs of human poses are not necessary for the detection of 
communicatory cues such as facial expressions. Godenschweger, Strothotte and Wagener 
(1997) investigating the differential effect of representation complexity on the recognisability of 
hand gestures, yielded similar results; minimalist line drawings were easier to recognise than 
photorealistic presentations of the same gestures. Godenschweger et al. (1997) explain this 
result by arguing that only the critical information relevant to the expression of each particular 
gesture is emphasised in the line drawings, which, leads to superior recognition rates.  
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One possible explanation for this phenomenon is the psychological principle known as the 
"peak shift effect" (Ramachandran & Hirstein, 1999). This principle, suggests that people 
respond more vigorously to an exaggerated, larger-than-life adaptation of a stimulus than they 
will to a 'typical' stimulus they are familiar with. This phenomenon has been used to explain why 
there is enhanced recognisability of caricatured faces and facial expressions when compared to 
their non-caricatured counterparts (Calder et al., 1996ab). According to this argument, by 
nature, caricature faces (images that have been distorted via the exaggeration and alteration of 
anatomical facial features and structural configurations) (Benson & Perrett, 1991ab), isolate and 
augment the distinguishing features of an object. By augmenting the distinguishing features, the 
contrast between the target object and objects of a similar nature is enhanced and therefore 
enables far easier identification of the target object. This could be the reason why children 
appreciate caricature faces more than they do non-caricatured faces (George & Mcllhagga, 
2000) and could offer a further possible explanation for the differential way ASC children 
process human and synthetic faces.  
Sevlever (2014) demonstrated that ASC children (aged four to eleven) were as able as non-
ASC matched controls to identify basic emotions communicated by cartoon faces. The question 
of whether children with ASC recognise emotions more easily when they are conveyed by 
simplistic synthetic faces than human faces remains unanswered however. This question is 
addressed in two studies of this thesis (see studies one and four).  
6.1.4. Overcoming reluctance to attend to facial training stimuli 
One major hurdle faced by researchers and clinicians aiming to remediate FER impairments in 
ASC children is ensuring they will engage with the training materials. For FER interventions, this 
requires getting the ASC child to work with human face stimuli and this can cause major 
challenges. The heterogeneity within ASC means that the extent of this problem will vary 
between one child and another. Whereas one child may be willing to look at and train with faces 
when explicitly asked to do so (as demonstrated in all previously mentioned studies where 
children willingly underwent training programs), another child may show a particular aversion to 
this stimulus type and be reluctant or even refuse to engage with a training program that 
requires them to look at face stimuli. If we are to reach and help every ASC child, then we need 
to find ways to accommodate the needs of ASC children who fall into this latter category.   
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As discussed in Chapters Two and Three, ASC individuals have a propensity to look more at 
non-social objects than faces (Klin et al., 2002) and when they do attend to the face, they fixate 
less on the particularly emotion conveying eye region and more on the lower facial regions 
(Langdell, 1978; Riby & Hancock, 2008). Theoretically, it has been suggested that both of these 
atypicalities can be explained by an attentional style preferentially selected in order to limit 
empathic arousal (Smith, 2009). Since CE (intuitive understanding of another’s mental states) 
provides critical top-down processes that work to mediate AE (experiencing of another person’s 
emotions), it follows that an individual with deficient CE would be unable to mediate their 
empathic response (Decety & Lamm, 2006). It is argued that this can lead to empathic over 
arousal (Smith, 2009). Empathic over arousal was defined by Hoffman (2000) as “an involuntary 
process that occurs when an observer’s empathic distress becomes so painful and intolerable 
that it is transformed into an intense feeling of personal distress, which may move the person 
out of the empathic mode entirely” (p. 198). Empathic over arousal in ASC is not limited to 
experiences with negative emotive faces however. Positive emotions, especially when they are 
manifested exuberantly, have been found to lead to an intolerable degree of empathic arousal in 
some ASC children (Kasari et al., 1993).  Kasari et al. (1993) demonstrated that whereas 
typically, children respond to praise by looking at the praise giver, ASC children tend to turn 
away in response to praise, reflecting active avoidance to the facially communicated positive 
affect.  The recent findings from the approach-avoidance task by Silva et al. (2015) whereby 
ASC children demonstrated a greater need to avoid emotive human faces, even when the faces 
were showing emotions of a positive valence, provides further support for this assertion. 
It follows therefore that some ASC children, those who present with the most severe CE deficits 
resulting in an attenuated capacity to mediate their affective response, would experience a 
greater degree of empathic distress in response to emotive faces. This explains why one ASC 
child may be willing to attend to face stimuli whilst another may be particularly reluctant or 
distressed. This presents a vicious circle however, since it follows that the child who suffers a 
greater degree of empathic over-arousal has an even greater need for improving their CE (via 
FER training) which would require them to attend to the very stimuli to which they are most 
averse.     
Anecdotal reports and clinical observations of aversion to faces in ASC throughout the lifespan 
provide support for this notion. For example, a HF ASC adolescent revealed that looking into 
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other people’s eyes was particularly distressing as he felt the eyes were burning into him 
(Landsman, 2003). Similar examples of “painful” eye contact have been reported in ASC 
individuals (Gernsbacher & Frymiare, 2005). Another HF ASC individual reported feeling 
“engulfed” in response to facially communicated affect and went on to explain that the sense of 
the existence of another’s emotions led to intense feelings of being swept up, lost and 
suffocated (Decety & Lamm, 2006, p.126). Clinical observations also suggest that ASC 
individuals can become extremely distressed when appraising emotions in other people’s faces 
(Attwood, 1993).  Blair (1999) also found aversive responses to facial stimuli, noting that during 
a study which presented ASC children with images of people in distress, a couple of the 
children covered their eyes and refused to look at some of the images. 
However, ASC children and adults, regardless of the degree to which they find emotional faces 
aversive, have a desire for interpersonal relationships (Hauck et al., 1995; Hintzen et al., 2010). 
It is offered that the interplay between the desire for sociality and empathic over arousal leads to 
a motivational conflict; the greater the over arousal, the greater the need to withdraw (Richer, 
2001). There is a need therefore to find a way to teach ASC individuals, who present with 
particular avoidance and distress to faces, how to better interpret facially communicated affect, 
in order to bolster CE and reduce the confusion and subsequent distress faces cause them.  
It is offered here, that a potential way to achieve all of these aims would be by displaying 
emotions on faces that are less likely to cause distress to the ASC child and therefore would be 
less likely to be rejected.  This notion is inspired by the findings of Golan et al. (2009, 2010), 
Hopkins et al. (2011), Beaumont and Sofrnoff (2008) and Young and Posselt (2012), all of 
whom demonstrated that interventions which included synthetic characters were responded to 
favourably by ASC children and as such may have led to the enhanced engagement, 
performance gains and generalisations seen in some of these studies. Furthermore, as 
demonstrated by a number of interventions incorporating virtual synthetic tutors (see Chapter 
Five), cartoon character faces are argued to remove the social demands typically associated 
with human faces and may therefore be preferred by autistic children (Hailpern, 2008).  
This particular issue was highlighted during the early stages of this research. During the 
recruitment drive for the usability study (see Chapter Nine), a parent who had shown a 
particular level of interest in her HF seven year old son undergoing treatment with the proposed 
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intervention (due to his apparent aversion with faces and an accompanying severe deficit in 
interpreting facial cues), disappointedly withdrew her son from the study. Having spoken to her 
son about the planned study, he had become very agitated and upset. In her words, “Basically, 
he has freaked out and is point blank refusing. If he has to look at people’s faces, he can’t do it! 
He says it hurts him…especially if he has to look at their eyes”. Anecdotal reports of this kind 
are unfortunately common and present an obvious barrier to learning. It is interesting to add that 
in addition to the theoretical and empirical findings discussed above, the rationale for 
incorporating cute cartoon faces into Emotiquest was further strengthened by a second email 
received from the mother of this child. Once it had been explained that the majority of faces 
used in the training were cartoon faces (two thirds), this ASC child who had been particularly 
distressed by the thought of training with facial stimuli, decided to participate. Although one 
child’s U turn on a decision not to undergo training cannot be generalised to the wider ASC child 
population, it is encouraging nonetheless. By including synthetic face training materials in this 
intervention, at least one “in need” ASC child who had never trained with faces previously due 
to the distress this caused, went on to receive FER training.     
6.1.5. Summary 
A body of research appears to suggest that the neural activation patterns, perceptual strategies 
and face processing behaviours of ASC individuals in response to cartoon faces mirror those of 
non-ASC individuals in response to human faces and suggests that cartoon faces may hold the 
same special social (and cognitive) relevance that human faces hold for typically developing 
individuals. Given this, it may be crucially important to integrate them into ASC face-processing 
therapeutic interventions. The minimised variability afforded by such characters should promote 
focus, their inherent visual qualities could capitalise on the peak-shift effect facilitating 
recognition while, at the same time, exploiting the child’s aesthetic preferences, and evoking 
pleasant and empathic feelings. Motivation to attend to training stimuli is critically important in 
interventions aimed at young ASC children. The Transporters animation series marks the first 
attempt to address this by using animated vehicle characters to teach FER and emotion 
comprehension to low and high-functioning ASC children. However, whereas the focus in the 
emotionally expressive characters used in The Transporters is on the embodiment of rule-
based, mechanical objects (vehicles), with the faces of these characters being human, it is 
argued here, that the type of face should also be considered when considering stimuli for ASC 
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FER training purposes. Armed with recent findings suggesting a possible social and aesthetic 
preference for synthetic characters by ASC children, it is proposed that synthetic faces may 
provide a class of training stimuli highly suitable for ASC children who struggle to recognise 
facial expressions of emotion. Rather than presenting the to-be-learned and appreciated facial 
expressions solely on human faces (at a point in training where they are not ready to receive, 
attend to, or process them), interventions could exploit the known social preferences of this 
clinical population by using synthetic faces to depict emotional expressions, leading to 
increased intrinsic motivation and, consequently, greater exposure to examples of facial 
expressions of emotion. The integration of a tri-stimulus approach to training can be used to 
reveal whether the much sought 'distant generalisation' can be achieved in this novel way. All of 
this would elucidate the issues we face in developing effective FER training tools and progress 
to ones that might bridge that synthetic-human gap. 
The emerging evidence for social attention preferences for cartoon, but not human, faces in 
ASC, should therefore drive the development of new, exciting FER interventions, such as 
Emotiquest, a computer-based ER training game for children with ASC. According to serious 
game principles, the key features of any successful intervention include making learning 
enjoyable and increasing granularity, breaking tasks down into a sequence of smaller steps 
beginning with simpler skills learnt earlier in development. Emotiquest utilises emoticons, CGCs 
and human images to build a systematic, step-by-step progression from recognition of emotion 
in less ecologically valid but simple emoticon then CGC stimuli to more ecologically valid but 
comparatively visually complex and cognitively demanding human facial stimuli with 
reinforcement of previous learning at each step of the way. It is hoped that this more granular 
approach will have a significant impact on levels of engagement, success, confidence, 
generalisation to real life social situations and motivation to pursue recognition and 
understanding of emotions further. 
6.2. Discrimination strategies in ASC Facial Emotion Recognition (FER) interventions 
 
In addition to rethinking the type of training materials utilised by current interventions, the 
training strategies employed by current interventions could also limit their success. As 
demonstrated by the JDTP FER intervention (Beaumont & Sofronoff, 2008b), although this 
serious game including child friendly training materials and engaged ASC children, this was not 
119 
 
sufficient to improve FER. Whilst the development of future interactive multimedia interventions 
should focus on ways to boost motivation and generalisation (e.g. using serious games to 
deliver training and incorporating appropriate face stimuli), the teaching activities must be given 
equal attention. Integrating theory driven FER strategies (capitalising on the known preferences, 
perceptual strategies and superiorities of this population) into a serious game format, which has 
been found to enhance motivation and generalisation of learning, may provide the best chance 
of enhancing FER in ASC children.   
Generalisation of acquired knowledge to real life situations is a core problem encountered by 
many ASC interventions, whether they attempt to teach ToM principles (Silver & Oakes, 2001), 
social skills (Hadwin et al., 1996) or FER (Baron-Cohen et al., 2004).  Although research has 
gone a long way towards developing successful strategies to teach significant socio-
communicative skills to those with ASC, are these interventions truly fruitful if we fail to 
overcome the generalisation problem characteristic of ASC?  Two questions therefore need 
consideration when designing interventions; why do people on the autistic spectrum experience 
difficulties with generalisation and how can future interventions address this?  
The EDRG theory may have the key to addressing the first of these questions (Plaisted, 2001). 
The theory posits that ASC individuals are hyper-sensitive to differences between stimuli and as 
a consequence, demonstrate a reduced perception of similarities (Plaisted, O’Riordan & Baron-
Cohen, 1998b). There appears therefore to be a trade-off between the noticing of differences 
and similarities. When a perceptual bias to look for similarities is present (as is the case for 
typically developing individuals), small differences are often overlooked. In ASC, the opposite 
appears to be true; since they are automatically attending to differences; their perceptual 
sensitivity to similarities is compromised.  
However, sensitivity to commonalities is important as it allows us to make sense of our world 
through the process of categorisation (Soulieres et al., 2007). Typically developing individuals 
have a propensity to look for common features in order to group stimuli into categories. 
Attending to similarities allows us to very quickly judge what something is (by matching it on the 
basis of its perceptual, functional and behavioural similarities to stored representations) and 
whether we should allocate further attentional resources (Markman & Gentner, 2005). Without 
this capacity, we would be bombarded with stimuli and suffer perceptual overload. Since our 
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information-processing system has a limited capacity, we need the ability to quickly decide 
which aspects of our environment we should process and which aspects to ignore (Broadbent & 
Gregory, 1963).  This experiencing of perceptual overload is characteristic in ASC (Bryson, 
Wainwright-Sharp & Smith, 1990).  
In the case of FER for example, in typically developing children and adults, the process of 
categorisation allows each facially expressed exemplar of an emotional state (e.g. various 
expressions of happiness) to be co-classified in the same emotion category.  Despite slight 
facial configuration variability between these category members/exemplars, it is the qualitative 
similarities between them, which allow them to be treated as members of the same conceptual 
group.  Categorisation is a cognitive process that is argued to be deficient in ASC (Klinger & 
Dawson, 2001; Soulieres et al., 2007) and is offered as a possible explanation for the FER 
training generalisation difficulties experienced by ASC individuals. A diminished ability to 
perceive similarities between emotion exemplars and to successfully form conceptual groupings 
would result in each and every new experience of a facial expression of emotion being treated 
as novel and unique. This explains the Tantam et al. (1989) finding that ASC individuals were 
impaired in their ability to find the odd emotion out in a visual display where different facial 
expression exemplars of the same emotion would have been perceived as different rather than 
grouped together of the basis of their qualitative perceptual similarities. To generalise from one 
situation to another, we must focus on, process and transfer the similarities that exist between 
the objects or situations to new contexts and therefore deficient processing of such 
commonalities will result in narrower and sharper categorical boundaries and disrupt 
generalisation, as is argued to be the case in ASC.   
The EDRG theory provides a window with which to view the ways in which ASC individuals 
perceive their world.  This positive view of autism focuses on the superior perceptual abilities of 
those on the spectrum and as mentioned earlier, it is theories such as these which may allow 
for innovative interventions to be developed; interventions which capitalise on such strengths, 
take account of the differential ways in which autistic populations perceive their world and as 
such be designed to suit their individual learning style.   
And so to address the second question outlined in the introduction to this chapter; how do we 
overcome this perceptual bias and facilitate generalisation? It has been demonstrated that the 
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propensity for attending to similarities (rather than differences) in typically developing individuals 
can be over-ridden through exposure. By repeatedly exposing stimuli, the typically developing 
individual is presented with more opportunities to appraise and learn the unique features that 
exist between stimuli. This appears to increase the salience of unique features and allows for 
fine discriminations between stimuli to be subsequently made (Plaisted et al., 1998b). This 
perceptual learning effect is so robust, that mere exposure, even in the absence of explicit 
instruction to “learn”, is sufficient to lead to enhanced discriminability (Gibson & Walk, 1956). 
In ASC however, where there is an automatic bias to attend to differences, such exposure 
would not be required for fine discrimination tasks since the unique features would already be 
salient. It follows therefore that the effect of exposure on bias trade-off, may potentially work in 
the opposite direction. Soulieres et al. (2010) found that ASC individuals can learn to categorise 
provided they are exposed to the materials for a sufficient amount of time. It is proposed here, 
that by repeatedly exposing ASC individuals to pairs or arrays of stimuli, which share a number 
of commonalities, the similarities may become more salient and override the propensity to 
perceive only the unique features. This would require some explicit direction. In order to ensure 
commonalities are focussed on, rather than differences, training strategies should include tasks 
that require the detection of similarities. The process of comparison achieves this as it highlights 
both the commonalities and differences between stimuli. It is proposed that this should lead to 
better knowledge of the facial behaviour associated with each emotion and enhanced 
categorisation processes. Hence, this manner of stimulus delivery (multiple rather than singular) 
would not only capitalise on the perceptual atypicalities (strengths in discrimination) 
characteristic of ASC by teaching the differences between emotive facial behaviour but would 
also address the perceptual bias to only attend to differences, by teaching the similarities that 
exist between exemplars of facial expressions of emotion. Teaching the child the similarities 
that exist between emotion exemplars should facilitate the process of categorisation.  
This seems a plausible avenue given evidence from the cognitive psychology literature which 
strengthens the rationale for presenting the facial expression of emotion stimuli in pairs or 
arrays in FER interventions, rather than individually as historically has been the case and is 
observed in the majority of current interventions (e.g. Mind reader). For example, this ‘pairing’ 
technique has advantages related to allocation of attentional resources and long-term retention 
of learned material.  The process of comparison allows us to determine the commonalities that 
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exist between two or more stimuli (Gentner & Markman, 1995) and is therefore critical to 
categorisation (Hampton, 1995). According to the structural alignment approach (Falkenhainer, 
Forbus & Gentner, 1989), comparisons direct our attention to the common systems shared by 
both stimuli rather than the differences (Markman & Gentner, 1993).  In addition, when 
differences between stimuli are attended to, more attentional resources are allocated to 
alignable differences (differences which are related to the common system) than nonalignable 
differences (differences which are unrelated to the common system). For example, in the 
context of FER, when comparing two exemplars of a happy facial expressions of emotion, 
communicated by two different people, alignable differences would pertain to slight featural and 
configurational differences in the intensity of a smile for example, whereas nonalignable 
differences in the visual field could include skin or hair colour (since they are not relevant) 
(Markman & Gentner, 1997). The structural alignment view also asserts that the process of 
comparison has a positive effect on memory encoding, with a positive correlation observed 
between the amount of attention paid to commonalities and alignable differences during 
comparison and the memory for each presented stimuli. According to findings by Markman and 
Gentner (1997), the simultaneous presentation of two contrasting items leads to better later 
recognition of each of those items compared to items presented in isolation.  Further evidence 
for this phenomenon was provided by Oakes, Kovack-Lesh and Horst (2009), who found that 
memory for items previously seen was enhanced when they were presented in the context of a 
contrasting item.   
It is suggested that the comparison process, by itself, induces focus to attend to commonalities 
and differences (alignable) and this results in enhanced memory. Therefore, by applying this to 
a FER context, the inclusion of comparison tasks in interventions for ASC children, should 
facilitate the overriding of their propensity to attend to differences and focus them on similarities. 
The ASC child would be provided with opportunities to look back and forth between faces, 
identifying common and distinctive features. This process should lead to better memory 
encoding of the commonalities shared between different exemplars of emotional expressions 
and also the alignable differences (as opposed to irrelevant non-alignable differences) which 
are necessary in applying knowledge to new contexts (e.g. novel faces). Given the correlation 
between attention to similarities and memory encoding, tasks should be designed to amplify 
similarities and reduce non-alignable differences, at least in the early stages of training, in order 
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to promote enhanced encoding. Since Emotiquest uses simplistic synthetic cartoon faces, which 
limit variability and distracting features in the initial stages of every game, this should further 
facilitate this process. Improving encoding is particularly important for this clinical population 
since they demonstrate difficulties with face memory (e.g. Snow et al., 2011). If we can improve 
memory for the commonalities of facial expression behaviour, this should facilitate the ability to 
apply that knowledge to novel contexts.  
6.2.1. Summary 
The literature search identified no attempts to exploit the perceptual superiorities 
(discrimination) characteristic of ASC in order to teach FER, which is surprising given the recent 
attempts to capitalise on other superior capabilities, such as hyper-systemising. It is also 
surprising given the findings from cognitive psychology literature that the process of visual 
discrimination, via comparison, leads to enhanced recognition memory in populations with 
typical perceptual abilities. Since gains have been achieved by interventions which have used 
discrimination strategies as a means to improve FER in schizophrenic patients and non-ASC 
children with social skills deficits, it is suggested that incorporating discrimination training is ideal 
for enhancing FER in an autistic population with superior discrimination aptitude, reduced 
memory for faces ability and deficient categorisation.  It is therefore proposed that this manner 
of stimulus delivery (multiple rather than singular) capitalises on the perceptual atypicalities of 
ASC and importantly, should implicitly force the process of categorisation.  It is for these 
reasons that discrimination learning lies at the heart of the Emotiquest intervention. 
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CHAPTER SEVEN 
STUDY ONE 
Acquisition, development and validation of facial training stimuli (The BARTA) to meet the aims 
of the intervention 
 
7.1. Introduction 
The University of Bolton Affect Recognition Tri-Stimulus Approach (BARTA) database has been 
developed in order to provide Emotiquest with validated images of facial affect communicated 
by synthetic and human faces in order that the tri-stimulus approach to FER training can be 
both applied (used to train FER) and measured (used to assess FER gains).  
7.1.1.  Justification for the BARTA 
There are currently thousands of photographs of facial expressions available through numerous 
collections compiled for research, assessment and training reasons.  Although the compilations 
collectively offer the academic community a reasonably comprehensive array of facial affect 
stimuli for research purposes, the majority of them comprise images of affect that have not been 
extensively tested for reliability or validity, and as such are inadequate for the requirements of 
rigorous scientific study.  Of those validated, Ekman and Friesen’s (1975) Pictures of Facial 
Affect (POFA) have been the most widely used collection of facial affect photographs in 
behavioural and neuropsychological research studies investigating the typical processes and 
neural structures involved in the recognition of emotions from faces (Morris, Ohman & Dolan, 
1999; Surcinelli et al., 2006). The POFA collection has also enabled behavioural and 
neuroanatomical research into the emotion recognition (ER) deficits of clinical populations such 
as autism spectrum conditions (ASC) (Grossman et al., 2000), schizophrenia (Fowler et al., 
2006), Alzheimer’s disease (Fernandez-Duque & Black, 2005) and Williams syndrome 
(Gagliardi et al., 2003). Although the POFA has been an invaluable resource to emotion 
researchers, it has been often criticised for being highly restricted in terms of the number of 
faces and images available (Palermo & Coltheart, 2004), the limited ethnicity and age range of 
included faces (Tian, Kanade & Cohn, 2001; Tottenham et al., 2009) and its failure to provide 
colour photographs (Tottenham et al., 2009).  As a result, the properties of the POFA have 
failed to satisfy the requirements of many emotion researchers over the years, requiring them to 
develop new, more comprehensive collections that address the criticisms levelled at the POFA 
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whilst also incorporating parameters which serve their own particular objectives (Golan & Baron-
Cohen, 2006; Gur et al., 2002; Tottenham et al., 2009).  
Regardless of the fact that these ‘second generation’ FER batteries can be considered 
improved in terms of ethnic and age diversity and the range of emotion exemplars available, the 
project-specific nature of these collections, as outlined in Chapter One, means that they are 
often not comprehensive enough to meet the future demands of emotion researchers looking to 
incorporate facial affect stimuli in novel FER training packages. Furthermore, methodological 
differences have inevitably led to collections that vary extensively in terms of the quality 
(resolution, lighting conditions, image size) and properties (head orientation; colour versus black 
and white images; static or dynamic) of available images and their subsequent value to the 
academic community.  Following a literature search, it was concluded that a number of 
database and image qualities required for the successful execution of Emotiquest training 
strategies were missing from currently available collections. The BARTA was therefore 
developed to attempt to address these shortcomings in order to provide Emotiquest with 
suitable intervention stimuli.   
Justification 1: Collections Including Validated Synthetic Face Stimuli. 
The BARTA, in line with its intended primary aims, was compiled to provide stimuli that could 
help teach ASC children how to better recognise facial expressions of basic emotion. Since it 
has been established (see full argument outlined in Chapter Six) that synthetic characters have 
qualities that may help provide an optimal learning environment for children, and in particular, 
ASC children, it is surprising that there are currently no collections of pre-validated synthetic 
emotion expressing facial images available for this purpose.  The BARTA is the first collection to 
realise the potential of this stimulus class. The BARTA not only provides suitable images for 
Emotiquest; it also offers the wider research community a new resource with which to further 
investigate the differential ways autistic and non-autistic children process the emotions 
portrayed by synthetic faces by providing a comprehensive and pre-validated collection of high 
quality, digital colour images. 
 
Justification 2: Authenticity of Emotional Expressions 
Traditional methods of obtaining facial depictions of emotional states have involved actors 
producing the facial signals of emotion by either; 1) enacting or artificially mimicking emotion-
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specific patterns of facial behaviour (Ebner, Riediger & Lindenberger, 2010; Tottenham et al., 
2009) or; 2) by mechanically executing various facial action units by relaxing and contracting 
specific facial muscles (Ekman, 1976; Langner et al., 2010) in accordance with anatomical 
descriptions of facial musculature established as universally representative of prototypic basic 
emotions (Ekman & Friesen, 1977).   
Databases using actors to portray emotions, such as the emotion library compiled by Golan and 
Baron-Cohen (2006), developed to teach people with ASC how to recognise facial expressions 
of emotions, are often criticised for their lack of validity, with the feigning of emotional 
expression sometimes argued to result in expressions that are qualitatively different in 
appearance from naturally occurring expressions (Ekman & Rosenberg, 1997).  Regardless of 
this criticism, comprehensive, validated databases of naturally occurring facial behaviour are 
few and far between because of the myriad of difficulties associated with the compilation of 
such a collection (ethical and operational implications of eliciting emotions in the laboratory and 
problems associated with the measurement, quantification and validation of the 
evoked/experienced emotion) plus the demands in terms of time and resources.   Techniques of 
facial expression acquisition are therefore required that minimise the artificiality of deliberately 
displayed expressions whilst maintaining relative ease of acquisition.  One technique, adopted 
by Gur et al. (2002) during compilation of their facial affect database, follows the principles 
central to the Russian acting technique known as the Stanislavski system (Stanislavski, 1936).  
Stanislavski believed that in order to convincingly portray emotional states on the stage, actors 
must draw on their own personal life experiences. The recollection and reliving of personal, 
emotive memories, is, according to Stanislavski and his proponents, the best method of 
effectively communicating sincere and genuine emotional displays, since it is only through the 
evocation and experiencing of an emotion that the said emotion can be believably portrayed 
(Carnicke, 1998).  When examining the differential effects of evoked versus posed facial 
expressions on emotion identifiability, Gur et al. (2002) found that evoked emotions were 
recognised more accurately than those posed by actors.  Similarly, Gosselin, Kirouac and Dore 
(2005) found that this technique generated high recognition accuracy.  It appears that asking 
actors to mentally visualise key emotive events from their past may be the way forward in terms 
of compiling valid, genuine collections of facial expressions.  The BARTA therefore adopted this 
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technique when acquiring expressions from volunteer actors in order to ensure the resulting 
collection of photographs presented more genuine manifestations of emotion.     
Justification 3: The Full Range of Basic Emotions Portrayed by the Same Face. 
Just as there are few FER databases that include genuine, non-posed emotional expressions, 
there is also a dearth of collections that include the full repertoire of the six, universally 
recognised emotions for each character in the database.  Those that do, for example, the 
POFA, (Ekman & Friesen, 1975) do so with only a very limited number of actors/models or 
provide only ‘posed’ depictions of each emotion, for example, the NimStim (Tottenham et al., 
2009). It is surprising that few emotional expression databases of this kind have been compiled 
for FER training, since in order to learn the differences and similarities that exist between each 
emotional expression, distractions such as person-specific facial feature differences (variations 
in skin colour, pigmentation, face shape, bone structure, placement and size of facial features, 
skin texture) should ideally be eliminated.  Allowing the end user the opportunity to appraise 
different emotions presented by the same face would allow for focus to be concentrated on the 
differences that exist between the expressions of emotions only.   This is even more relevant if 
we consider the perceptual superiorities of ASC individuals. As discussed in Chapter Two, 
individuals with ASC have been found to be hyper-sensitive to differences between stimuli 
(Plaisted, O’Riordan & Baron-Cohen, 1998ab).  Due to the socio-emotional difficulties faced by 
this population, many FER interventions specifically target children on the autistic spectrum 
(Golan & Baron-Cohen, 2006; Silver & Oakes, 2001). Despite this, and regardless of the 
research community’s awareness of the islets of perceptual ability seen in ASC, databases 
comprising multiple sets of photographs of the same actor depicting the full range of emotional 
expressions have not been made readily available to researchers designing training materials 
for this population.  By providing such a collection, researchers could capitalise on the autistic 
child’s hyper-discrimination abilities in order to teach the subtle differences that exist between 
facial expressions of emotion in one person.  Furthermore, in terms of fulfilling the training aims 
of Emotiquest, in order to ensure a granular approach to training whereby latter stages of the 
intervention are more challenging than the earlier stages, collections need to include a number 
of displays (low and high intensities) of the six basic emotions (plus neutral) from identical faces 
in all three stimuli classes. The BARTA directly addresses this by ensuring that seven human 
actors provide multiple expression exemplars for each of the six basic emotion categories of 
128 
 
happiness, sadness, anger, disgust, fear and surprise in addition to a neutral expression.  This 
is also the case for the CGC subset (six characters providing full repertoire of expressions) and 
emoticon subsets (six characters in the database also depict each basic emotion with the 
exception of disgust, an emotion that cannot be successfully communicated facially without a 
nose (the nasal-labial muscles are lifted). Emoticon characters do not, routinely, have this facial 
feature and cannot display the characteristic wrinkles and skin folds that are produced as a 
result of the drawing up of these specific face muscles (Bartneck, 2001). Although the current 
researcher designed and developed emoticons to communicate the emotion disgust, the 
majority of these failed to achieve acceptable recognition rates and therefore all “disgust” 
emoticon images were excluded from the BARTA battery. 
 
Justification 4: The inclusion of surprised exemplars. 
The BARTA not only includes facial exemplars of happiness, sadness, anger, fear and disgust 
but also, unlike some earlier collections of facial affect (Gur et al., 2002), includes facial 
depictions of surprise. Surprise, the temporally briefest of all emotions, has a rapid onset and 
immediately precedes another emotion and, as such, its valence is dependent entirely on the 
perception of the eliciting stimulus/situation.  Because it might be considered a ‘gateway 
emotion’, and is always coupled with at least one other emotion, the resulting facial expression 
of surprise will reflect this emotion blend and will therefore vary (a happy surprised face will 
differ from an angry surprised face). This is problematic for researchers who wish to capture 
distinctive, emotion-specific facial displays of affect and is one of the reasons given for omitting 
surprised expressions (Gur et al., 2002).  However, regardless of the emotion-triggering 
situation and resultant blend, all exemplars of surprise share common, distinctive facial 
behaviour (Ekman & Friesen, 2003) and it is for this reason that the BARTA includes numerous 
expressions (and blends) of surprise. Furthermore, evidence demonstrating that surprise can be 
successfully portrayed by simplistic cartoon characters has led researchers to suggest that this 
emotion may be better represented (and subsequently more readily identifiable) by simplistic 
cartoon faces (Chia-Horng Lin, 2009) and adds weight to the rationale for including surprised 
facial expressions in this tri-stimulus battery. Surprise (both unpleasant and pleasant) is 
expressed using many of the same facial muscles that are used to convey its common sequel 
expression, fear, and as such, people often confuse the two expressions (Ekman, 2003). Since 
129 
 
both fear and surprise have been found to be problematic emotional expressions for ASC 
individuals to recognise (Rump et al., 2009), it was considered important to provide validated 
exemplars of each in the BARTA to allow ASC children to become skilled at differentiating these 
qualitatively different (in terms of the underlying emotion felt and the appropriate response 
required), yet similar (in terms of physical manifestation) expressions.  
 
Because of the well-documented problems associated with differentiating surprise and fear 
(Ekman, 2003; Gagnon et al., 2010), measures were introduced during validation in order to 
prevent inter-observer consensus data being confounded by poor recognition rates for these 
two emotion categories.   A two-part validation approach was adopted whereby Part (a) involved 
the decoding of happy, sad, angry, disgusted, neutral and fearful faces and Part (b) involved 
only the decoding of surprised and fearful faces.   
 
Justification 5: Over-reliance on Forced-Choice Validation Instruments. 
The majority of studies validating facial displays of emotion have adopted a methodology known 
as the forced-choice paradigm (Ekman, 1972). This format requires that raters view a series of 
images of facial expressions before being forced to select, from a limited list of emotion labels, 
the term they perceive as the most representative of the emotion depicted in the image.  
Although methodologically simple to construct and administer (Frank & Stennett, 2001) this 
paradigm is not without methodological limitations; the most serious of which is that the format 
constrains the rater’s choice to a limited number of labels and offers no opportunity for reject ion 
of all available choices (Russell, 1994).  Russell (1993) demonstrated that this format can lead 
to inflated categorical agreement rates.  Using a forced-choice paradigm, Russell (1993) 
established that raters will substitute their original, accurate answer for an alternative, 
inaccurate emotion label in the event that their original choice is not available; thereby yielding 
erroneous agreement rates.   To address these methodological concerns, the studies used to 
validate BARTA stimuli used a modified forced-choice paradigm, offering raters the opportunity 
to select a “none of these” option. 
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7.1.2.  BARTA Strengths 
The BARTA attempted to directly address the identified shortcomings of existing FER batteries 
to provide suitable stimuli for the Emotiquest intervention.  As such, the BARTA has a number 
of key strengths; 
1) The BARTA utilised the Method acting technique to maximise authenticity of emotions 
portrayed by human characters. 
2) The BARTA ensured that at least seven actors and six CGC characters provided multiple 
expressions for each of the six basic emotion categories, including surprise (and at least two 
levels of intensity for each) in addition to a neutral expression.  Six emoticon characters 
provided expressions for all basic emotions except disgust.  A two-part validation approach 
separating the decoding of surprised and fearful faces ensured inter-rater consensus was not 
affected by low (accurate) recognition rates for images from these two emotion categories. 
3) The BARTA includes cartoon characters and emoticon faces, enabling the collection to be 
suitable for child user groups.  This feature is of particular relevance to both the current 
researchers and future researchers looking for new ways to teach emotion to clinical 
populations such as ASC children by injecting fun and playfulness into teaching tools and by 
exploiting the known social preferences of this population. 
4) The cuteness and simplicity of emoticon and cartoon characters add to the argument for their 
inclusion. By using computer generated emoticon and cartoon-like faces, the researcher was 
able to directly manipulate and control the amount of information each face provided.  This 
constrained the amount of visual information included, minimising distracting signals and 
isolating, highlighting and exaggerating features and distinct anatomical landmarks that are 
critical to conveying each emotion.  It is proposed that whilst the minimised variability afforded 
by such characters will promote focus, their visual qualities will capitalise on the peak-shift effect 
(facilitating recognition) and exploit the child’s aesthetic preferences.  
Although primarily developed to provide Emotiquest with suitable training materials, the BARTA 
is an accessible tool with wide reaching research, assessment and training applications. In 
addition to recruiting synthetic faces for FER ASC training purposes, the current study aimed to 
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provide a resource to further current understandings of the synthetic face advantage in ASC. 
The work reported here was prompted by the authors’ reflections on whether the impaired 
capacity of some children with ASC to recognise, identify and understand emotions from human 
faces (Baron-Cohen, Wheelwright & Joliffe, 1997; Gross, 2004) is carried over to synthetic faces 
also. This study does not directly provide answers to this clinically relevant research questions. 
However, what it does do is provide the necessary resources to enable new measures of FER 
to be developed, which allow a direct comparison of synthetic and human FER abilities in ASC 
and non-ASC children.  
A secondary aim of developing the BARTA was to provide a resource to facilitate and promote 
further studies which can extend current, limited knowledge in the field. For example, the 
BARTA’s inclusion of numerous exemplars of expressions communicated by the same face will 
allow, for the first time, researchers and clinicians to assess and consolidate recognition of all 
basic emotions within one agent (idiosyncratic expression of an emotion) while nurturing 
appreciation of variability across multiple agents, in both clinical and typically developing 
populations. Furthermore, to date, it is not known whether the 'synthetic advantage' in ASC 
extends to, and can have a remediating effect on other (face-related) symptoms associated with 
ASC such as erratic and atypical facial scanning patterns (Pelphrey et al. 2002) and deficient 
perception, processing and decoding of facial affective signals, i.e. FER. An appreciation of the 
differential effects synthetic and human faces may have on face processing could potentially 
help guide the development of new FER training strategies. 
The purpose of this chapter therefore, is to introduce the BARTA database and to report on a 
study conducted to investigate the reliability and validity of the collection. The study also makes 
use of the validation consensus data in an attempt to tentatively investigate whether face type 
(synthetic and human) influences emotion category agreement levels and crucially, whether this 
influence is the same for typically developing adult and child decoders.    
7.2. Methods 
As stated, unlike previous collections, one aim of the BARTA database construction was to 
ensure that a variety of actors, emoticons and CGC characters provided multiple facial 
expression of emotion for each of the six basic emotion categories (fear, anger, sadness, 
happiness, surprise and disgust) in addition to a neutral expression.   Furthermore, it was 
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planned to have at least two different exemplars of each emotional expression from characters 
in the database. Ultimately, seven actors, and six emoticon and CGC characters provide 
multiple expression exemplars for each of the basic emotions (see Fig. 3 (emoticon), Fig. 6 
(CGC) and Fig. 7 (human/photographic) for examples of a character from each BARTA subset, 
producing each emotional expression). 
7.2.1  Emoticon Subset 
The facial synthesiser software, Poser 7, was used initially to create and customise a number of 
unique, emoticon faces capable of depicting clearly recognisable facial expressions of emotion. 
Emoticons are symbols commonly used in computer mediated communications to convey the 
emotion of the author.  Emoticons, used to express emotions through exaggerated, archetypal 
representations of facial expressions are consistently represented as bright yellow faces 
consisting of a small number of facial features. All created emoticon character faces consisted 
of eyebrows, eyes and mouth/teeth and tongue features. Two easily customisable emoticon 
characters, Emotiguy and Emotigirl (3D Universe) were used as source figures, the starting 
point from which all other emoticon character faces were developed (see Fig.1).  Both Emotiguy 
and Emotigirl come equipped with morph targets that allow for the reshaping and resizing of a 
number of individual face parts and as such provide an ideal foundation on which to create 
unique cartoon character faces. 
 
Figure 1: Source characters used for emoticons (Emotiguy/Emotigirl) 
http://www.3duniverse.co.za/AllProducts.asp 
7.2.1.1. Emoticon Stimuli Acquisition 
Unique face shapes (e.g. round, heart shaped, long), feature location (e.g. width between eyes) 
and feature shapes, (e.g. fullness of lips) were created using morph packages such as face 
shape altering morphs and feature morphs in addition to using a variety of Poser 7 tools such as 
133 
 
scaling and tapering and applying shape altering deformers. Further character customisation 
was achieved by applying and modifying customisable face textures that allow for the 
modification of skin colour, ethnic, age and gender traits and the colouring of various facial 
regions such as light or dark eye sockets. Eye textures that provide differing eye colour and 
brightness, make-up textures (applied to female figures) and customisable hair props affording 
a wide range of choice in style, colour and accessories, were used to further personalise each 
character.  
Poser 7 morphing tools were also used to sculpt and modify the facial expressions of each 
character with precision. All emoticon faces comprised the following components; eyes 
(including pupils), eyebrows, nose and mouth (including teeth and tongue), all of which could be 
individually manipulated using morphing tools, in order to create facial expressions of emotion 
of varying intensities.  Morphing was the method of choice for facial expression manipulation 
due to its flexibility and level of user control (Gorden, 2005). Modifications of pre-existing morph 
sets (3D Universe) allowed the creation of all emotion expression exemplars. Expressions were 
specifically manipulated in order that they conformed to what discrete-emotion theorists (Ekman 
& Friesen, 2003) have established as emotion-specific facial behaviour.   
In order to produce a diverse collection of emotion expression exemplars that parallel the 
idiosyncratic nature of real-life as closely as possible, within-category variability was 
encouraged with no two characters expressing an emotion in exactly the same way. Modifying 
one or many of the parameters involved in emotion-specific morph sets ensured that within-
category variability was maximised and resulted in numerous physical manifestations of the 
same emotion, such as one angry face appearing with lips pressed tightly together for one 
character whereas an angry face of another character is portrayed using an open, squared 
mouth.  
This method resulted in the creation of nine emoticon characters (five male and four female), six 
of whom portrayed at least two exemplars of all basic emotions with the exception of disgust 
(see Figs.2 and 3). As such, 122 emoticon stimuli were created. 
(http://www.3duniverse.co.za/AllProducts.asp).   
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Figure 2: Example emoticon stimuli set  
 
Figure 3: Neutral examples of six emoticon characters 
7.2.2. Computer Generated Cartoon (CGC) Subset 
The same rationale, methodology and software adopted in the creation of emoticon characters 
were applied when developing CGC faces.  CGC face composition was slightly more detailed 
than emoticon faces and consisted of eyes (including pupils), eyebrows, nose and mouth 
(including teeth and tongue). For the CGCs, two customisable cartoon characters, Toon Girl 
Sadie and Toon Boy Sam (also '3D Universe' (http://www.3duniverse.co.za/AllProducts.asp) 
were used as source figures (see Fig.4). These particular  cartoon source figures were chosen 
to create the CGC subset of this child-targeted database for a number of reasons such as their 
inherent child-like qualities (roundness of facial form and unnaturally large head and eyes) 
accommodating the noted own-age recognition bias in children, (Anastasi & Rhodes, 2006;  
George & McIlhagga, 2000) and their 'cuteness'  and capacity to evoke warmth, happiness  and 
empathy in end-users (Demirbilek & Sener, 2001; Papanek, 1995; Rollings & Adams, 2003). 
Furthermore, although easily recognisable as “human-like”, their visual complexity was usefully 
limited and placed these figures firmly towards the synthetic end of the human-like continuum 
thereby avoiding “uncanny valley” effects (feelings of revulsion or unease experienced when a 
synthetic character simulates the human form too closely) (MacDorman & Ishiguro, 2006).  Nine 
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CGCs were created in total, (five male and four female), each depicting multiple exemplars for 
each of the six basic emotional expressions plus a neutral expression (see Figs. 5 and 6). 
Hence a total of 126 images of CGCs were produced in total. 
 
Figure 4: Source characters for CGC faces (Toon girl Sadie and Toon boy Sam) 
http://www.3duniverse.co.za/AllProducts.asp 
 
Figure 5: Example CGC character stimuli (all emotions) 
 
Figure 6: Example of neutral expression in CGC characters 
7.2.3. Human/photographic Subset 
To acquire the photographic subset of the BARTA, 31 volunteer amateur adult actors produced 
facial depictions of each basic emotion. Actors were of both sexes (male, n=19; female: n=12) 
and of diverse ages (age range = 19-60) and ethnicities. All actors signed a model release form 
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immediately following the photographic session and received a small fee as compensation for 
their time.  
7.2.3.1. Photographic Acquisition Techniques 
Photographic stimuli were captured using a Nikon DX2 Professional Digital Single Lens Reflex 
(12.4 megapixels) with 18-200mm Nikon Lens camera. To achieve optimum and uniform 
lighting, Bowens Monobloc Studio Flashheads with Softbox attachments were used to light 
actors in all instances. Flash-heads were fired by radio signal transmitted using a pocket wizard 
plus triggering device. One light was used for background lighting and one for the actor. A 
reflector was also employed for actor lighting. The camera shutter speed was set at 1/200th of a 
second using an f22 aperture. All photographs were produced in NEF (Nikon Electronic Format) 
raw format providing a 12 bit image with a resolution of 300 dots per inch. In all cases, actor to 
camera distance was approximately two metres. All images were converted to TIFF (tagged 
Information File Format) files using Nikon View software. Contrast levels were corrected and 
sharpened using a batch process in Adobe Photoshop. Finally, the images were saved to a 
JPEG (Joint Photographic Expert Group) format and written to a DVD and labelled. 
Each actor performed all six emotions plus neutral, a minimum of seven times, thereby, 
collectively generating an entire stimulus set consisting of 1528 digital colour photographs. The 
order of emotion category to be portrayed was randomly varied for each actor.  
In light of Gur et al.’s (2002) finding that evoked emotions result in more accurately recognised 
facial expressions, the methodology adopted when acquiring images for the BARTA followed 
similar principles. Actors were encouraged to experience each emotion using two different 
methods. Firstly, immediately prior to capturing emotional expression images, actors were read 
short, thematically simple, emotionally charged scripts (adapted by the researcher from Scherer, 
1986) and were instructed to imagine themselves in the scenarios. This method was used as an 
‘emotional ice-breaker’, that is, a method of 1) introducing emotive stimuli to the photo shoot; 2) 
triggering genuine expressions of emotion and; 3) facilitating the subsequent recall of 
autobiographical emotional memories by triggering emotional responses. The emotive 
scenarios described situations that have been found to typically elicit a particular emotion, (for 
example, imagining winning the lottery typically results in feelings of joy whereas imagining 
receiving an unjustified parking ticket is likely to evoke feelings of anger). Although these 
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scenarios are designed to evoke a specific emotional response (Maurage et al., 2009; Scherer, 
1986), emotional reactions are subjective and as such, a hypothetical scenario that elicits 
sadness in one individual may incite a different emotional response in another. According to 
Frijda (1988), the trigger for an emotional response is not the event itself but rather the way in 
which that event is perceived. In order to ensure expressions were genuine depictions of each 
emotion, actors were also encouraged to follow the principles of Stanislavski’s method (1936) 
and the focus shifted to the generation of emotions from personal memories. Actors were 
instructed to recall and re-live personal life events that were analogous with the emotion they 
were required to depict facially. It is suggested here that by using this ‘evocation of affective 
memory’ methodology, the resulting facial displays of emotion are far more authentic than 
posed expressions, as, although deliberately produced, the actor’s facial behaviour is the 
product of an evoked state of mind and is therefore a more credible physical manifestation of 
the intended emotion. Figure 7 below provides an example of two exemplars of each emotion 
from the same actor. 
 
Figure 7: Example photographic stimuli – 2 exemplars of each emotion 
7.2.4. Initial Stimulus Evaluation Method 
As the emotional expression for each synthetic face image had been created specifically to 
conform to emotion-specific facial behaviour (Ekman & Friesen, 2003), all emoticon and CGC 
faces images were included in subsequent validation studies. However, in order to be included 
in the BARTA, stringent selection parameters were applied when selecting suitable 
photographic images of human actors. An actor had to have their head facing towards the 
camera, face clearly visible and unobscured by hair, eyes open and unblinking with clear 
communicative intent of a particular facial expression. Subjective judgements by the primary 
researcher were then made with respect to the extent to which each photographic image 
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adhered to the distinct facial musculature parameters universally accepted to be emotion-
specific (Ekman, 1972; Ekman & Friesen, 2003).  To elaborate, in line with the universally 
accepted facial behaviour blueprints provided by Ekman and Friesen (2003), facial depictions of 
surprise were only included in the subsequent multi-rater validation study if they demonstrated 
all of the following; curved and raised eyebrows (visibly stretching the skin below the brow), 
eyes open wide enough for the sclera to be visible above the iris and a dropped jaw parting the 
lips and teeth (with lips relaxed as opposed to tense). For fearful faces, all of the following facial 
markers were necessary; raised and drawn together eyebrows, raised upper eyelid exposing 
the sclera, tensed and drawn up lower eyelid and an open mouth with lips tensed or stretched 
and drawn back. Disgusted faces were accepted if the upper lip appeared raised, the lower lip 
was either raised towards the upper lip or lowered and protruded slightly, there was wrinkling at 
the bridge of the nose, cheeks were raised, brows were lowered and the lower eyelids appeared 
pushed up (but relaxed). Angry faces were required to include lowered and drawn together 
brows (causing the formation of vertical lines to appear between the brows), tensed lower 
eyelids which may or may not have been raised, tensed upper eyelids, a hard stare or bulging 
of the eyes, and either firmly pressed together lips with the corners of the lips sloping down or 
straight or open tensed lips holding a squared shape. Happy faces were accepted if they 
appeared as follows; the corners of the lips were raised and drawn back (whether parted or 
not), the naso-labial fold, the wrinkle extending from the nose to beyond the corners of the lips 
was present, cheeks were raised and there were lines/wrinkles showing below raised but 
relaxed lower eyelids. For sadness, faces had to meet all of the following criteria; there was a 
drawing up of the inner corners of the eyebrows, there was triangulation of the skin below the 
eyebrow, the upper eyelid inner corner is raised and the corners of the lips sloped downwards 
or the lip appeared to be trembling. Neutral faces were deemed appropriate if all facial muscles 
(in both upper and lower face regions) appeared  relaxed. For all emotions, both subtle (less 
pronounced facial behaviours as outlined above) and intense (more pronounced facial 
behaviours) exemplars were accepted and included in the subsequent validation study. The 
result was that, of the 1528 photographs provided by the volunteer actors, only 293 images 
(provided by 13 actors/actresses) were deemed satisfactory for inclusion in the validation 
studies. 
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7.2.4.1. Multi-Rater Validation of Stimuli 
Accepted images were appraised using a series of multi-rater validation studies. These were 
conducted to establish the reliability and validity of each image by analysing the accuracy of, 
and the agreement between, independent raters’ emotion identification judgements. 
Traditionally, the most common index of inter-rater consensus has been percentage agreement. 
However, in isolation, this method is not the best statistic to determine inter-rater agreement 
due to its inability to adjust for chance. The generalised kappa (K) (Siegel & Castellan, 1988) is 
the recommended technique for evaluating the proportion of agreement between more than two 
raters/decoders on multiple categorical variables, over and above that expected by chance 
(Fleiss, 1988; Landis & Koch, 1977). Therefore, the degree to which decoders agreed on the 
category membership of each BARTA stimulus was quantified by percentage concordance in 
conjunction with the associated measure of generalised kappa (see Tables 1, 2, 3 and 4).  
As there were a large number of emoticon, CGC and human stimuli to be appraised and 
decoded, too many for one person to rate without introducing the possibility of fatigue effects, 
the total stimulus batch was divided into nine validation sets. All images (photographic and 
synthetic) were resized to 143 x 215 pixels JPEG format images and nine modified forced-
choice stimulus rating booklets containing a pseudo-random sample of emoticons, CCGs and 
human actor images were created. Each participant in the validation study was randomly 
allocated one of the nine booklets. Hence, although each rater didn't decode every image in the 
total stimulus collection, they did decode examples of emotional expression in all types of 
characters and rated exemplars of each of the six basic emotions in human photographs and 
CGCs and five out of the six in emoticons.   
Since surprise and fear are often confused when it is required for them to be identified from 
within a database containing all six basic emotion exemplars (Gagnon et al., 2010), (commonly 
leading to low accuracy in recognition rates for images from these two emotion categories), a 
two-part validation process was adopted: happiness, sadness, anger, fear and disgust were 
presented to raters as a set to be identified (Part A of the booklet) then, separately, fear and 
surprise (Part B).  
For Part A, each image was accompanied by a list of seven response categories (happy, sad, 
angry, disgusted, afraid, neutral (no feeling) and ―none of these) (See Fig. 8). For Part B of the 
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questionnaires presented images of fearful and surprised faces along with four response 
categories (afraid, surprised, neutral (no feeling) and ―none of these) (See Fig. 9). 
 
Figure 8: Example Part A questionnaire item 
 
 
 
 
 
 
Figure 9: Example Part B questionnaire item 
Tables 1 and 2 provide details of the stimuli used in Part A and Part B for each of the nine 
stimulus sets. 
(M = Male characters, F = Female characters, EM = Emoticon images, CG = CGC images, HU 
= Human/Photographic images) 
Table 1: The Frequency, Gender of Character Types and Emotion Examples in Each Stimulus 
Set (Part A) 
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 (M = Male characters, F = Female characters, EM = Emoticon images, CG = CGC images, HU 
= Human/Photographic images) 
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 1 8 4 5 8 9 11 3 2 4 3 2 4 4 3 4 3 3 2 2 2 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 2 8 3 3 10 12 10 2 2 5 3 3 4 4 3 4 2 4 1 2 3 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 3 8 4 6 8 11 10 3 3 4 3 3 4 4 3 4 2 4 1 2 3 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 4 6 6 7 7 15 9 3 3 6 3 3 5 4 3 4 2 4 1 2 3 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 5 8 4 8 6 11 12 3 3 6 2 3 4 4 2 5 3 4 2 2 3 1 1 1
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 6 9 2 5 8 11 12 3 2 6 2 3 4 3 3 4 2 4 2 2 3 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 7 4 8 6 6 9 13 3 2 6 3 3 4 3 2 4 2 4 2 2 2 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 8 7 5 6 6 11 9 2 2 6 3 3 4 4 2 3 2 3 2 2 2 1 1 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU EM CG HU
Set 9 5 7 6 5 11 8 2 2 6 3 3 4 4 1 2 2 3 2 2 2 1 1 2
Subset Totals
Total
5 6 4
42
ANGRY DISGUST AFRAID NEUTRAL
12 11 19
10 10 7
EM CG HU HAPPY SAD
ANGRY DISGUST AFRAID NEUTRAL
10 10 9 5 6 4
EM CG HU HAPPY SAD
ANGRY DISGUST AFRAID NEUTRAL
11 10 9 6 6 4
EM CG HU HAPPY SAD
ANGRY DISGUST AFRAID NEUTRAL
11 9 10 6 7 4
3
49
EM CG HU HAPPY SAD
12 11
12 14 23
11 7 712 9
4
50
EM CG HU ANGRY DISGUST AFRAID NEUTRAL
ANGRY DISGUST AFRAID NEUTRAL
12 14 24
11 6 6
6 6 4
47
ANGRY DISGUST AFRAID NEUTRAL
12 14 21
10 10 11
6 6 4
46
EM CG HU HAPPY SAD
ANGRY DISGUST AFRAID NEUTRAL
11 13 22
9 10 11
EM CG HU HAPPY SAD
ANGRY DISGUST AFRAID NEUTRAL
11 6 6 4
12 12 20
44
12 12 22
46
11 13 23
47
EM CG HU HAPPY SAD
HAPPY SAD
12 13 20
9 9
45
EM CG HU HAPPY SAD
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Table 2: The Frequency, Gender of Character Types and Emotion Examples in Each Stimulus 
Set (Part B) 
 
7.2.5. Participants  
An opportunity sample of 212 participants were recruited as emotion decoders. Adults (n = 71, 
age range = 18-51, mean age = 26.3, Std. Dev = 8.65) and, uniquely and importantly, children 
(n = 141, age range = 6-11, mean age = 8.4, Std. Dev = 1.53) were recruited as raters. Adult 
males (n = 24, mean age = 28.6, Std.Dev = 9.49) and adult females (n = 47, mean age = 25.09, 
Std. Dev = 8.04) were first year psychology undergraduate students from The University of 
Bolton who participated during a university lecture. Male child participants (n = 76, mean age = 
8.29, Std. Dev = 1.64) and female child participants (n = 65, mean age = 8.54, Std. Dev = 1.38) 
were recruited from a local mainstream primary school in Greater Manchester. The Head 
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 1 3 1 0 4 5 2 2 2 5 2 2 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 2 2 1 4 1 2 4 2 2 3 1 3 3
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 3 1 1 2 2 6 1 1 2 5 1 2 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 4 1 1 3 1 4 7 1 2 5 1 2 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 5 3 1 1 3 5 2 2 2 4 2 2 3
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 6 3 1 3 0 3 3 1 1 4 3 2 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 7 2 2 2 3 4 1 2 2 3 2 3 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 8 1 2 1 3 3 3 1 2 4 2 2 2
Subset Totals
Total
M (n) F (n) M (n) F (n) M (n) F (n) EM CG HU EM CG HU
Set 9 3 1 3 2 4 2 2 2 4 2 3 2
Subset Totals
Total
FEAR
8 7
FEAR
7 7
SURPRISE FEAR
7 6
FEAR
8 7
SURPRISE FEAR
6 7
FEAR
8 5
SURPRISE FEAR
8 5
SURPRISE FEAR
6
SURPRISE FEAR
7 7
4 5 6
15
9
SURPRISE
SURPRISE
SURPRISE
SURPRISE
3 4 6
13
EM CG HU
4 5 5
14
EM CG HU
4 3 6
13
EM CG HU
4 4 7
15
EM CG HU
2 4 11
17
EM CG HU
2 4 7
13
EM CG HU
3 5 6
14
EM CG HU
15
EM CG HU
EM CG HU
4 4 7
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teacher of the primary school was initially approached by email informing her of the study. All 
participants (adult and child) were English speaking, were untrained in formal techniques for the 
decoding of facial expressions of emotion and had normal or corrected to normal vision. IQ and 
cultural background of participants (adult and child) was unknown. No participants were 
rewarded for participation. Demographic information pertaining to decoders of each stimulus set 
is summarised in Table 3. 
Table 3: Demographical Data of Emotion Decoders in Each Stimulus Set (Parts A and B) 
 
7.2.6. Procedure 
Decoders were given access to the appropriate validation set and completed the survey at their 
own pace. Completion of the survey was carried out under the supervision of the researcher. 
Child participants completed the survey booklets under test conditions (silence) in their 
classrooms during the normal school day. Adult participants completed booklets under test 
conditions during lectures. All decoders viewed Part A of their assigned stimulus sets first and 
then Part B. Both Part A and Part B stimuli had a randomised distribution and stimulus 
presentation was counterbalanced for 50% of decoders in order to control for fatigue and 
practice effects. Decoders were required to assign one of the available emotion labels to each 
presented image. In the event that the decoder believed the image did not represent any of the 
available emotion labels, they were instructed to choose the "none of these" option. All surveys 
required that all questions be answered and that only one emotion label was selected per 
image. Researcher supervision ensured these requirements were met, resulting in no missing 
data. 
Stimuli Set N Adults (n) Children (n) Age Range Mean SD
Set 1 29 14 15 6-42 17.55 10.77
Set 2 24 8 16 6-47 15.12 11.82
Set 3 22 7 15 6-35 13.68 8.83
Set 4 22 7 15 6-35 12.77 7.42
Set 5 23 7 16 6-30 12.87 7.53
Set 6 26 8 18 6-47 13.96 10.07
Set 7 22 6 16 6-37 13.82 9.51
Set 8 22 6 16 6-51 14.59 12.71
Set 9 22 8 14 6-41 14.23 9.49
Total 212 71 141 6-51 14.29 9.79
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7.3. Results 
Inter-decoder consensus: (Part A) 
Table 4: Validity ratings (% decoder consensus and generalised kappa) for Part A stimuli sets 
 
As can be seen in Table 4, of the 416 images rated across all nine stimuli sets, 14.7% received 
the same emotion classification by all raters, whilst 70.7% of images were assigned to an 
identical category by at least 70% of raters. Only 14.7% of images across all nine stimuli sets 
achieved a consensus level of less than 70%. The high levels of decoder consensus resulted in 
all overall kappa coefficients being above .57 and reaching significance (p <.001).  Using the 
frequently employed interpretation guidelines proposed by Landis and Koch (1977), the kappa 
values achieved in seven of the subsets (2, 3, 4, 6, 7, 8 and 9) reflect a substantial level of 
classification agreement between decoders whereas kappas of .57 and .59 achieved in sets 1 
and 5 respectively, reflect moderate levels of decoder concurrence. 
  
Set 
number
No of 
images 
in set
% No of images % No of images % No of images Kappa z
1 45 6.7 3 73.3 33 20 9 .57* 141.2
2 46 15.2 7 69.6 32 15.2 7 .63* 113.5
3 47 12.8 6 74.4 35 12.8 6 .65* 112.3
4 50 20 10 66 33 14 7 .67* 106.6
5 49 2 1 79.6 39 18.4 9 .59* 95.3
6 47 21.3 10 65.9 31 12.8 6 .62* 98.9
7 46 19.6 9 73.9 34 6.5 3 .70* 104.9
8 44 25 11 65.9 29 9.1 4 .67* 104.9
9 42 9.5 4 66.7 28 23.8 10 .65* 79.8
Total 416 61 294 61
* kappa significant at the 0.001 level (1-tailed)
100% decoder consensus 70% decoder consensus <70% decoder consensus
(% and number of images agreed upon)
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Table 5: Validity ratings for each stimulus type (Part A). 
 
As shown in Table 5, adult and child emotion category assignment consensus for images 
belonging to the three different classes of face stimuli (emoticon, CGC and human) was also 
computed and revealed substantial overall levels of consensus for both classes of synthetic 
face stimuli (emoticon and CGC) and moderate levels for the human face (photographic) subset 
of the BARTA. The higher levels of consensus for the synthetic face stimuli can be attributed to 
the child decoders (child consensus was substantial for emoticon and CGC faces whereas adult 
consensus for these subsets were moderate). Conversely, whereas adult decoders achieved 
substantial levels of consensus when assigning emotion labels to human faces, consensus 
between child decoders was moderate. Despite these observations, there were no significant 
differences in the kappa coefficients achieved by child and adult decoders across the three 
stimulus types, t (4) =.789, p =.474. 
  
Stimulus Type No of 
Images
Kappa z
All .63* 30.10
Adult .57* 35.97
Child .63* 30.10
All .66* 26.89
Adult .41* 28.77
Child .66* 26.89
All .60* 144.43
Adult .64* 52
Child .52* 43.98
Total 416
* kappa significant at the 0.001 level (1-tailed)
106Emoticon
CGC 116
Human (photo) 194
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Inter-decoder consensus: (Part B) 
Table 6: Validity ratings (% decoder consensus and generalised kappa) for Part B stimuli sets 
 
As is illustrated in Table 6, although more ‘fair to moderate’ levels of agreement between 
decoders were achieved when classifying surprised and fearful faces in Part B of the stimulus 
sets, kappa coefficients for all sets reflected decoder agreement rates significantly better than 
that which would be expected by chance (p < .001). Moreover, of the 125 images decoded 
across the nine stimuli sets, only 9.6% of these achieved less than 70% decoder consensus, 
whilst over 90% of surprise and fear images received an identical emotion category judgement 
by at least 70% of raters. 
Table 7: Validity ratings for each stimulus type (Part B) 
 
Set 
number
No of 
images 
in set
% No of images % No of images % No of images Kappa z
1 15 0 0 100 15 0 0 .35* 14.5
2 14 0 0 85.7 12 14.3 2 .31* 11.9
3 13 0 0 100 13 0 0 .34* 11
4 13 7.7 1 92.3 12 0 0 .44* 13.6
5 15 0 0 73.3 11 26.7 4 .29* 11.3
6 13 0 0 92.3 12 7.7 1 .35* 10.5
7 14 7.1 1 85.7 12 7.1 1 .40* 15.2
8 13 0 0 84.6 11 15.4 2 .36* 12.5
9 15 6.7 1 80 12 13.3 2 .34* 11.5
Total 125 3 110 12
* kappa significant at the 0.001 level (1-tailed)
(% and number of images agreed upon)
100% decoder consensus 70% decoder consensus <70% decoder consensus
Stimulus Type No of images Kappa z
All .31* 3.55
Emoticon 30 Adult .25* 2.91
Child .31* 3.55
All .21** 1.65
CGC 38 Adult .44* 6.71
Child .21** 1.65
All .26* 4.01
Human (photo) 57 Adult .35* 5.52
Child .26* 4.01
*. kappa significant at the 0.001 lecel (1-tailed)
**. kappa significant at the 0.05 level (1-tailed)
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As shown in table 7, adult and child emotion category assignment consensus levels for 
emoticon, CGC and human (photographic) face images were computed for part B images and, 
unlike the substantial and moderate consensus rates seen for part A emotion consignments, 
consensus levels across adult and child decoders were more modest. Children achieved only 
fair consensus levels for the assignment of surprised and fearful labels to all types of face 
stimuli. Similarly, adults also achieved fair levels of inter-rater agreement for emoticon and 
human faces, however, the consensus level reached when assigning emotion categories to 
CGC faces was slightly higher, reaching a moderate level of agreement. Overall however, there 
were no significant differences in the kappa coefficients achieved by child and adult decoders 
across the three stimulus types, t (4) =1.40, p = .235. 
7.4. Discussion 
The aim of study one was to introduce the BARTA database of images of facial affect and to 
provide details of the study conducted in order to investigate the reliability and validity of the 
collection of images in order to provide suitable training materials for the Emotiquest FER 
intervention. The study also made use of the validation data in order to tentatively address for 
the very first time, the question of whether emotion allocation consensus levels vary as a 
function of type of stimulus (emoticon, CGC or human face) and whether these effects are 
moderated by the age of decoder (adult and child).  
7.4.1 The validity of BARTA images.  
The stringent selection criteria and subsequent validation process adopted ensured that all 
BARTA images successfully portray the labelled emotion.  Stimuli that failed to adequately 
communicate the intended emotion, indexed by lack of adherence to distinct facial behaviour 
parameters or by lack of decoder agreement (<70% consensus) were excluded from the 
BARTA battery. Overall decoder consensus levels were found to be significantly better than 
chance for all validation sets and across all face types (emoticon, CGC and human). These 
results suggest that all BARTA images, including the two synthetic subsets, present appropriate 
and “correct” representations of the six universally recognised basic emotions and neutral 
expressions. As described in the methodology, “correctness” was established from a dual 
perspective, first by using the “realist” approach (the “correct” answer for each image was pre-
determined using distinct emoticon specific facial musculature parameters as guidelines prior to 
multi-rater validation) and secondly, by adopting a “constructivist “approach and viewing 
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“correctness” or accuracy in terms of decoder agreement (Funder, 1995). This dual approach 
ensured that each facial expression image was only included in the BARTA if it conformed to 
emotion-specific facial behaviours (Ekman & Friesen, 2003) and was judged to be 
representative of that emotion at least 70% of the time by untrained adult and child decoders.  
There appears to be no universal consensus regarding acceptable percentage agreement rates 
when deciding on the inclusion/exclusion of emotional face stimuli in batteries of facial affect, 
but all images selected for inclusion in the BARTA attained a relatively stringent (≥70%) 
consensus level, a level similar to that adopted by Golan and Baron-Cohen (2006) when 
compiling their emotion library for FER training and assessment purposes and, as stated, 
consistent with the commonly used guidelines provided by Landis and Koch (1977). Moreover, 
the current study attained >70% agreement using a modified-forced-choice paradigm, a 
technique not employed in previous studies. This allowed decoders the opportunity to dismiss 
images as unrepresentative of any of the available emotion categories. One might have 
expected this to have led to comparatively lower consensus. Furthermore, whereas other 
currently available instruments used adult decoders/raters only, the current study included 
decoders as young as six years old, an age at which, although proficiency in recognising basic 
emotional expressions from faces is often reported, emotion recognition maturity has not yet 
been reached (De Sonneville et al., 2002). Therefore, a consensus of 70% that included child 
decoders, for inclusion in the BARTA database was considered good, appropriate and 
necessary given the target end-user. All images achieving consensus levels below 70% were 
deemed invalid and were omitted from the BARTA. 
7.4.2. Face type consensus differences  
(Happy, Sad, Angry, Disgusted, Afraid and Neutral) 
Consensus level data from Part A of the current study’s validation process provides evidence 
that both emoticon and CGC synthetic faces have the capacity to effectively communicate 
happy, sad, angry, disgusted (for the case of CGC only), neutral and fearful faces and thus 
adds weight to the findings of numerous previous studies investigating the human ability to 
decode emotion from the faces of synthetic characters (Fabri, Moore & Hobbs., 2004; Massaro, 
1998; Wehrle et al., 2000). Although the difference between consensus levels of the three face 
types for part A stimuli did not reach significance, it is worth noting that consensus levels for the 
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three face types revealed substantial overall levels of agreement for the two classes of synthetic 
face stimuli (emoticon and CGC) whereas only moderate levels of agreement were seen when 
decoders assigned emotion labels to the human face (photographic) subset of the BARTA. This 
suggests that the synthetic subsets of the BARTA are more distinct and on these characters, 
facial expressions of emotion are easier to recognise. The superior (although non-significantly 
so) consensus rates for emoticon and CGC faces, suggest that synthetic faces may not only be 
adequate in the communication of emotion, but they may actually be easier to read than human 
faces. As hypothesised, this observed synthetic advantage for emotion recognition could be 
explained in terms of the “peak shift effect” (Ramachandran & Hirstein, 1999), whereby the 
minimalistic (and less variable) feature configuration offered by the synthetic faces, acts to 
isolate and augment the emotion distinguishing characteristics of the face, thereby enhancing 
the contrast between one particular facial expression and other similar expressions and, as 
such facilitating enhanced recognisability. The findings of the current study are in line with those 
of Bartneck (2001), who also suggested that the enhanced synthetic agent expression 
recognition (when compared to recognisability of emotions from human or photorealistic faces), 
was facilitated by the simplicity of the communicating face, which gives them the capacity to 
communicate more distinct expressions than human faces. Godenschweger, Strothotte and 
Wagener (1997) reported similar findings when investigating the differential effect of 
representation complexity on the recognisability of hand gestures. Godenschweger, Strothotte 
and Wagener (1997) found that simplistic line drawings were easier to recognise than 
photorealistic presentations of the same hand gestures and argued that the minimalistic nature 
of the communicative medium led to an emphasis of focus on critical information relevant to the 
expression of each gesture which led to superior recognition rates. The current findings provide 
further evidence for this phenomenon as it appears that the complexity of human face stimuli 
reduced the ease with which decoders could assign emotion labels to faces. 
7.4.3. Decoder consensus differences for each face type  
(Happy, Sad, Angry, Disgusted, Afraid and Neutral) 
Although, overall, superior emotion consensus levels for synthetic, over human, faces were 
recorded across decoder groups, this superiority was mostly attributable to the child decoders. 
Child decoder consensus was substantial for both classes of synthetic stimuli but moderate 
when categorising human face stimuli, whereas, interestingly, the opposite was true for adult 
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decoders; adults achieved substantial levels of consensus when assigning emotion labels to 
human (photographic) faces but demonstrated more moderate agreement for synthetic faces.  
Since the current study produced validation data only as opposed to accuracy data, the results 
presented here should not be interpreted as evidence for a synthetic FER advantage for 
children. Instead, it may be tentatively suggested that these results indicate that, for children, 
synthetic faces may be easier to decode than human faces. Whilst these indicative results are 
promising, further research adopting appropriate 'accuracy rating ' methodology is needed to 
explore this phenomenon in greater depth.  
In the absence of these data, we suggest here a possible explanation for the differences 
between decoder consensus rates in response to the three stimuli types. First of all, as 
previously mentioned, although children have been found to be accurate in identifying basic 
emotions communicated by human faces as early as five years old, FER abilities are not fully 
matured during childhood and performance is found to improve with age into adolescence and 
adulthood (De Sonneville et al., 2002). In contrast, in non-clinical adults, FER skills are fully 
developed, enabling them to recognise basic emotions relatively easily from human faces. 
Therefore, it follows that children are likely to perform better with minimalistic faces that promote 
focus on critical, emotion expressive face features and, therefore, produce more distinct 
exemplars of the basic emotions. It is suggested here that the current study’s use of a paradigm 
that manipulated the complexity of the communicative medium of facial expression, provided 
the means to highlight the rudimentary, undeveloped nature of children’s FER.  
Another factor that may have contributed to the greater ease with which child decoders 
recognised emotions in synthetic faces is the relationship between the perceived age-group of 
the emotion expresser (emoticon, CGC or human adult) and the decoder (child or adult). It is 
well-documented that people recognise faces of people of the same age as themselves (known 
as the own-age bias). This, it is argued, is the result of expertise gained from comparatively 
greater opportunity to appraise own-age as opposed to other-age faces (Anastasi & Rhodes, 
2006). Likewise, the perceptual learning hypothesis, commonly used to explain the same-race 
bias in face recognition (Levin, 1996), would suggest that the more frequent the encounter with 
a group of others (in this case, cartoon faces), the more expert that person becomes in 
processing those types of faces, which would lead to superior recognition of emotion. As such, 
151 
 
the current results could be at least partly due to the relatively greater frequency with which 
children view and interact with synthetic characters. This explanation is even more plausible if 
we consider the socio-cultural norms of childhood and the media by which they interact with 
each other have evolved dramatically over the past decade. We live in a society dominated by 
virtual worlds and social networking sites; where children can represent and express 
themselves as cute penguins or charming monsters (www.mindcandy.com) and where they can 
meet, interact and play with other penguins and monsters and do so, not in their homes, parks 
or streets, but in their igloos or monster houses; computer derived spaces they call their own. It 
is offered here therefore, that emotionally expressive synthetic faces may be highly familiar and 
socially salient to the children of today and, therefore, just as decoders age-matched to an 
emotion expressing encoder will recognise those emotions better than if they were 
communicated with a non-aged match decoder, children may be more comfortable decoding the 
emotional expressions of cartoons. 
However, familiarity may not be the only potential explanation for the observed adult/child 
difference in emotion expresser preference. According to Sporer’s (2001) in-group/out-group 
model of face processing, the type of face processing strategy adopted when encountering a 
face is subject to whether that person (face) is awarded in-group status and as such, are more 
likely to attract efficient configural processing. Since cute cartoon characters naturally appeal to 
ASC children and could be perceived as socially relevant, these faces may be more likely to be 
awarded in-group status and processed in a more effective manner by ASC children. A similar 
explanation might be offered for the comparative ease with which adult decoders recognise 
emotions in photographs of human adult faces. Although, given the paradigm used to provide 
this data, these explanations are offered tentatively, and, it is acknowledged that future research 
is required to directly examine these assertions, it is certainly credible to suggest that motivation 
to attend to the synthetic faces may have contributed to the superior consensus rates achieved 
by child decoders. 
7.4.4. Face type and decoder consensus differences - (Surprise and Fear) 
In Part B of the validation study (when decoders judged whether faces conveyed fear or 
surprise, neutral or “none of these”), inter-rater agreement was lower than when judging 
whether faces expressed happiness, sadness, anger, disgust or fear. Although lower consensus 
was achieved in the Part B validation process, the successful validation of a number of surprise 
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and fear images from all three stimuli subsets demonstrates that, contrary to previous findings 
and conclusions, surprise can be successfully portrayed by human and synthetic faces, adding 
weight to the rationale for including surprised facial expressions in future collections of facial 
affect. 
For part B, child decoder consensus rates for all face types were lower than those achieved by 
adult decoders. Although adult decoder consensus levels were slightly higher than children’s, 
inter-rater agreement still only reached 'fair' levels for emoticon and human faces and a 
'moderate' level for CGC faces. These lower levels of agreement for both decoder groups were 
however expected as expressions of surprise and fear share many of the same facial muscles 
(Ekman, 2003) and problems differentiating the two emotions are well-documented (Ekman, 
2003; Gagnon et al., 2010; Gosselin & Simard, 1999). It is not surprising that even adult 
decoders struggled to agree on the category membership of each presented image since 
problematic surprise and fear discriminations are found even in adulthood (Gosselin & Kirouac, 
1995; Wiggers, 1982). As discussed in Chapter Four, competence in recognising facially 
expressed surprise (and fear) occurs last in the typical developmental trajectory. Taking this into 
account, it is understandable that this difficulty would be even more pronounced in children who 
have less developed FER skills.   
The recognition of surprise in particular has been found to be significantly impaired in ASC 
(Baron-Cohen, Spitz & Cross, 1993; Jones et al., 2011), which is argued by some to be the 
consequence of the reluctance in ASC to attend to the eye region, which is necessary in 
decoding surprise (Baron-Cohen, Spitz & Cross, 1993). Surprise is also argued to require more 
developed ToM skills since to recognise and understand this emotion requires an appreciation 
of another person’s belief.  Since eye gaze studies suggest that the recognition of surprise can 
be facilitated by increased focus on the eye region (Bal et al., 2010), it would be interesting to 
learn whether synthetic faces, which have been found to normalise gaze behaviour in ASC (Van 
der Geest et al., 2002b) can focus a child’s attention on emotion distinguishing facial features 
and thus remediate the atypical face scanning behaviour seen in ASC and enhance the 
recognition rates for surprise. Findings from such an investigation could have exciting 
implications for the nature of training materials (faces) incorporated in future FER interventions. 
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In addition, the differential effect of face type (synthetic vs. human) on children’s ability to 
recognise fearful and surprised expressions might be further explored by using a research 
design which presents only validated (i.e. validated BARTA images) representative images from 
each subset. 
7.4.5. Applications of BARTA  
The potential applications of this new image database for FER research, assessment and 
training are wide-ranging. Perhaps most importantly, it can be used to expand our 
understanding of the different ways children (all children and in particular, ASC children) look at, 
scan, perceive and process synthetic versus human faces. Although the current study 
introduces and describes the compilation and validation of the BARTA, the study design did not 
allow for direct testing of any FER accuracy differences between adult and child decoders on 
the three types of face stimuli (emoticon, CGC and human). It is not appropriate to use data 
acquired for the purpose of establishing image validity as a measure of FER ability since there 
was no control over possible confounding variables such as the number of invalid and valid 
stimuli viewed by each participant (since this information would not be available until validity had 
been established). The current study also used a modified-forced-choice paradigm, which 
allowed decoders to select a “none of these” response, which would be inappropriate for use in 
a performance/ability test. Decoders were instructed to decide whether they believed an image 
was representative of one of the six basic emotions (or neutral). This type of decision task is far 
different to a research task where the instructions are to decide which of the given emotion 
labels is correct and could, potentially, influence participant motivation and their subsequent 
responses.  
 
The BARTA was primarily compiled to allow an assessment of whether there is a synthetic 
(FER) face advantage in ASC children, which would serve to inform the design of effective 
future FER interventions. However, the design of the current validation study did not allow for 
direct testing of this hypothesis. What is provided here (an introduction to the BARTA database 
and details of the validation process and results), allows, for the first time, for these research 
questions to be directly testable by offering valid synthetic and human (photographic) images of 
facial affect. Future researchers can now systematically attempt to investigate the differential 
effects of face type (synthetic and human) on people’s (adult and children (autistic and non-
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autistic)) ability to recognise basic emotional expressions using validated and appropriate (for 
adults and children) BARTA images. 
 
Part of the rationale for including computer generated emoticon and cartoon-like faces in the 
BARTA, was that it allowed the researchers to directly manipulate and control the amount of 
information each face provided, constraining the amount of visual detail included, minimising 
(even eliminating) conflicting or distracting signals. Just as the caricaturist can amplify and 
isolate distinguishing features to exploit the peak-shift effect (Ramachandran & Hirstein, 1999), 
so too have the current researchers when designing the expressive 'emoticons' and synthetic 
cartoon-like characters included in the BARTA. Preliminary results reported here suggest that 
this manipulation (reduction) of complexity may have facilitated the inter-decoder emotion 
categorisation agreement rates in non-ASC children when coming to a decision about the 
category membership of synthetic faces. Providing these three different classes of face stimuli, 
will now allow researchers to further explore the effect of face complexity and variability on 
emotion processing in ASC. The tri-stimulus approach allows researchers and clinicians to 
systematically progress the FER research, assessment or training stimuli from comparatively 
'easy' / qualitatively different emoticons to more complex and difficult but more ecologically valid 
human emotional expression facilitating identification and consideration of the nature of FER 
deficits in ASC. For example, use of the BARTA could help expose whether increases in the 
level of facial detail and physiognomic feature salience (from emoticon to CGC to human) leads 
to a systematic decrease in FER performance only in those with ASC or, alternatively, whether 
the FER problems so central to ASC are limited to human faces. 
 
The BARTA images will also provide appropriate FER training materials for the Emotiquest and 
future interventions; the minimised variability afforded by such characters should promote focus, 
their inherent visual qualities could capitalise on the peak-shift effect facilitating recognition 
while, at the same time, exploiting the child’s aesthetic preferences, and evoking pleasant and 
empathic feelings. As discussed in Chapter Six, motivation to attend to training stimuli is 
critically important in interventions aimed at ASC children. The Transporters animation series 
(Golan et al., 2010) marks the first attempt to address this by using animated vehicle characters 
to teach FER and emotion comprehension to low and high-functioning ASC children. However, 
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whereas the focus in the emotionally expressive characters used in The Transporters is on the 
embodiment of rule-based, mechanical objects (vehicles), with the faces of these characters 
being human, it is argued here, that the type of face should also be considered when 
considering stimuli for ASC ER training purposes. Armed with recent findings suggesting a 
possible social and aesthetic preference for synthetic characters by ASC children (Rosset et al., 
2008., Grelotti et al., 2005., van der Geest, 2002b) and based on the findings of the current 
study suggesting a possible synthetic face emotion communication advantage in typically 
developing children, it is proposed that synthetic faces may provide a class of training stimuli 
highly suitable for ASC children who struggle to recognise facial expressions of emotion.  
 
The BARTA also provides a unique resource for a sample of the ASC population for which there 
are few currently appropriate materials, i.e. younger children (e.g. five to eight year olds). For 
example, the images could usefully be adopted as pre and post intervention measurements for 
those in this age group undergoing established training programmes or older children with more 
severe impairments in FER. Furthermore, for those children and young people with more 
advanced levels of FER, the emoticons, CGCs and photographs could be incorporated into 
emotion communication tools such as emotion reaction / display charts or flashcards (flashcards 
such as those currently included in teaching resources, such as "A Quest for Social Skills for 
Students with Autism or Asperger's" Cumpata and Fell, 2010). Finally, the emotionally 
expressive synthetic images could potentially be utilised to provide explicit emotional context in 
interactive reading and teaching materials for highly visual learners such as children with ASC 
(Pierce & Schreibman, 1994). 
 
7.4.6. Limitations 
The current study incorporated a number of design features, which are acknowledged as 
potentially limiting the generalisability of the findings. It could be argued that the current study 
was hampered by relatively small sample sizes (N=214, adults=71, children=141). The 
researcher acknowledges this potential limitation and took a number of steps to counter the 
effects of a small sample size to ensure reliability of findings. For example; only images that 
attained a relatively stringent (≥70%) inter-decoder agreement level passed validation; the 
validation process used a forced choice paradigm allowing decoders to dismiss images they 
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believed were unrepresentative of any emotion and; decoders as young as six years old 
contributed to the decoder sample, ensuring only those images that were easily recognisable as 
belonging to an emotion category were included. Furthermore, although the IQ of both adult and 
child decoders was unknown, the researchers were made aware of varied cognitive abilities and 
mental ages for child decoders (children with special educational needs and children identified 
as gifted and talented were included as decoders) therefore providing a more stratified sample 
of child decoders; a sample which could be argued to be more representative of the general 
child population. The lack of control over the cultural background of decoders (unknown but 
unlikely to be culturally or ethnically diverse given that participants resided and studied in 
English schools or universities) could also be argued to limit the applicability of the validation 
findings and the BARTA database itself. However, according to the cultural equivalence model 
(Ekman, 1972), the basic emotions, which feature in the BARTA database, should be 
recognisable by people from diverse cultures. Nevertheless, it is argued here that the fully-
validated BARTA images expediate the process of future research investigating cross-cultural 
differences in FER accuracy rates.   
 
7.4.7. Conclusion 
These limitations notwithstanding, the current study contributes to the field by offering the 
research community a new resource, which enables and promotes further research that can 
explore the synthetic-face advantage in ASC and non-ASC children. As such, this study marks 
a first step towards understanding how synthetic characters may best be recruited in 
interventions that aim to address emotion recognition deficits in ASC. The ASC synthetic face-
advantage is still very much speculative and emerging, on the basis of recent findings (Grelotti 
et al., 2005; Rosset et al., 2008; van der Geest et al., 2002b) and the preliminary findings 
yielded in the current study. The author recognises the speculative nature of the works so far 
and recognises the current gaps in understanding. There are many hypotheses that await direct 
testing, and it was the aim of the current study to provide the means (the resources) to facilitate 
and promote these research activities. The following chapters of this thesis mark the first 
attempt to do so by using the BARTA facial images in a new serious game aimed at remediating 
the FER deficits in ASC children. 
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To conclude, the BARTA was primarily compiled to provide, 1) training images suitable for use 
in the “Emotiquest” FER intervention and, 2) stimuli for new tools (pre-post tests) developed to 
measure FER abilities in autistic children. Not only does the BARTA accomplish these principal 
aims, the collection also provides a tool with wide reaching application capabilities, which 
extend beyond the scope of the current project. This new database has several unique features 
(e.g., combination of three categories of facial stimuli, displays of different expressions from 
identical faces, high versus low intensities of emotional displays) and will be of good use for 
research in a number of contexts including investigations into typical and atypical facial 
expression identification from both simple and synthetic face stimuli to more natural and visually 
complex faces.1 
  
                                                          
1 Please see Appendix 1 for full BARTA image validation data 
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CHAPTER EIGHT 
EMOTIQUEST 
 
The primary purpose of this research project was to develop and implement a novel, innovative 
computer-based intervention that could effectively teach children with autism how to better 
recognise basic facial expressions of emotion. This chapter is dedicated to the introduction of 
this intervention; Emotiquest. 
 
Although the training strategies outlined below could have been delivered as a teacher/parent 
led series of pen and paper exercises, the researchers opted instead to embed the training in a 
multi-modal serious computer game.  As discussed in Chapter Five, it is well established that 
ASC individuals experience difficulties screening out unnecessary sensory information (Rutter & 
Schopler, 1987) and have a need for sameness and predictability (Baron-Cohen, 2008). For this 
reason, ASC interventions are often delivered by computer programs in order to control and 
minimise multi-modal inputs and to offer a predictable rule-based environment in which to learn. 
Delivery via the medium of a serious computer game also allows the ASC child to work 
independently, provided their learning needs are catered for (good quality and accessible 
computer delivered assistance/instructions etc. for both readers and non-readers). Serious 
computer games allow the player to work at their own pace, to revisit and replay games as 
many times as they wish and to have control over the amount of sensory information they 
receive at any one time. This does not mean however that multisensory delivery is not possible, 
on the contrary. Whilst firmly under the control of the player, computer-based interventions have 
the capability to simultaneously present text, sound and images and by doing so may enrich the 
learning experience and, due to the encoding of related iconic and echoic information, may 
improve memory for the to-be-learned information. These features may explain why ASC 
training strategies delivered by computer-based instruction have been found to be more 
effective than teacher based instruction (Bernard-Opitz, Ross & Tuttas, 1990; Chen & Bernard-
Optiz, 1993; Moore & Calvert, 2000). 
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8.1. Game Structure  
Emotiquest is a highly structured intervention, broken down into sequential steps that ensures 
all players, regardless of age or cognitive ability, are introduced to and master simple FER tasks 
before progressing to more complex FER activities. It offers a highly systematic and structured 
learning environment, incorporating small, logical progressive steps whereby autistic children 
are trained first on low variability, simplistic and highly distinguishable stimuli (emoticon 
characters) before progressing to slightly more variable and human like, but still relatively 
simplistic and child-age stimuli (CGC characters) and then finally training with highly variable, 
complex and less distinguishable (but more ecologically valid) human, adult-age (photographic) 
stimuli.  This aims to promote motivation and enjoyment in the learner (argued here to be 
achievable through the use of child friendly, cartoon-like characters) whilst also providing a 
systematic progression from simplistic stimuli to more cognitively demanding ecologically valid 
stimuli, with reinforcements at each step of the way. Organising the games intervention in this 
way is important as it ensures the structure of the intervention closely mirrors typical 
developmental trajectories, whereby users are introduced to and taught skills acquired earlier in 
typical development before being taught more complex skills acquired later.  Howlin (1998) 
suggests that this is a consistent feature of all successful emotional understanding 
interventions.    
A granular approach to training was also considered necessary in order to follow the principles 
of serious game design. As discussed in Chapter Five, this feature of serious games is informed 
by flow theory, which proposes that engagement with the training materials, focus and 
enjoyment is maximised when the player’s skill level is in line with the goal in hand (Shernoff et 
al., 2003). Furthermore, maximising the player’s chances of success is incredibly important 
considering consistent findings that ASC children may be more sensitive to failure than non-
autistic children (Wing, 1998). Setting the bar too high, too soon, may cause upset, frustration or 
anxiety and could result in the child becoming reluctant to continue playing. Such reluctance 
could disrupt one of the primary aims of Emotiquest, which is to deliver all of the novel training 
strategies.  Preventative steps were therefore taken to encourage game play success and 
motivate the child to play to the end.   
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8.2. Levels of Difficulty 
Emotiquest incorporates two difficulty levels. Whereas Level one games teach the identification, 
discrimination and categorisation of more easily recognisable, prototypic, high intensity 
exemplars of basic emotions, Level two games involve users being introduced to the same 
games using more subtle, low intensity (and more naturally occurring) exemplars of these 
emotions. These two levels are accessed in a serial fashion; Level one must be completed 
before Level two can be accessed). 
8.3. Game Stages  
Each difficulty level comprises four game stages; Stage one - Same or Different?; Stage two - 
Which Face Is?; Stage three - Odd Emotion Out and; Stage four - How Am I Feeling? Each of 
these four stages present the player with a new set of emotion recognition challenges. Within 
each stage, six games are sequentially organised to present increasing difficulty level (see 
Figure 10).   As such, Emotiquest offers twenty-four individual emotion games per difficulty 
level, (forty-eight in total over the two levels). Like level progression, stage progression (and 
game progression within a stage) is also serial in nature, ensuring more cognitively demanding 
games are only accessed once successful learning on all previous games has been 
demonstrated.  See Figure 10 for a schematic of game play. 
Each game and stage is described in detail below. The novel teaching strategies that underlie 
each stage and game and the way in which games and stages have been systematically 
organised are also highlighted and explained.   
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(Circled numbers represent order games must be completed in) 
Figure 10: Schematic of Emotiquest 
 
8.3.1. Stage One: Same or Different? 
 
Figure 11: Same or Different? game screens 
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As can be seen in Fig. 11 above, the Same of Different? stage is the first phase of training and 
incorporates six individual games. Each game in this stage requires the player to carry out a 
feature-based discrimination task. This phase is a unique addition to FER interventions for ASC 
individuals, as, traditionally, ASC interventions have aimed to teach FER by presenting a single 
face and asking the user to identify the emotion.  In contrast, during this stage, Emotiquest 
presents two faces side by side in order to allow comparison between facial expressions of 
emotion.  The games in this stage are pure physical discrimination tasks which require the child 
to determine whether two static faces are feeling and expressing the same or different 
emotions. Initially the games use identical emoticons, CGC or human characters (games one to 
three) while later games employ two different character faces in each trial. The rationale behind 
‘Same or Different?’ is as follows: 
Purpose/Intended Learning Outcomes:  
1. This first stage aims to introduce the child to the characters and emotions in a game that 
requires minimal cognitive load/effort. Emotiquest is structured in a way that maximises the ASC 
child’s chances of succeeding. For games one to three, the same character provides both facial 
expressions and therefore, for “same” trials, all aspects of the two face stimuli are identical, 
making the game conceptually simplistic. The child does not need to attribute an emotion to 
each face but instead carries out a simple feature based discrimination task. 
2. Whilst gently introducing the child to the learning environment (characters, interface, 
expressions etc.), this game provides a context which augments the distinctiveness of each 
emotional expression (by presenting two faces side by side) in order to enhance the subsequent 
memory and recognition of each emotion exemplar. 
3. The learning environment and task encourages the child to direct their attention to critical 
feature areas of the face. 
4. Whilst still conceptually simplistic and requiring the child to continue carrying out feature 
based discrimination tasks in order to determine whether the two characters are feeling the 
same or different emotions, games four to six have additional learning outcomes; they are 
slightly more challenging as they use different characters to express the pair of emotions to be 
discriminated. Face stimuli are no longer identical in “same” trials and therefore the child must 
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focus on the differences or similarities between expressions of emotions and ignore distractions 
such as character-specific facial feature differences. 
8.3.2. Stage Two: Which Face Is? 
Once players have successfully demonstrated an ability to determine whether two faces are 
expressing the same or different emotions, they will progress to the second stage of training, 
the Which Face Is? Stage (see Fig. 12 below).  This stage, comprising six games, presents two 
representations of emotions simultaneously and requires the player to compare these 
representations to determine which characterises a given emotion label.   
 
Figure 12: Which face is? game screens 
In this stage, the player is required to compare the pairs of stimuli and decide which of two 
faces best represents a named emotion.   The rationale for inclusion of ‘Which Face Is?’ is as 
follows: 
Purpose/Intended Learning Outcomes: 
1. This stage/game is slightly more conceptually complex than Stage one. Not only must the 
child discriminate between two emotional expressions (requiring feature-based, physical 
discrimination) but they must also then “identify” each of the two portrayed emotions in order to 
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determine which is most representative of the emotion label. The game is still relatively simple 
however as the child is only given two faces to choose from. 
2. The game introduces emotion names / labels to the child. 
3. It aims to improve the memory and subsequent recognition of emotion exemplars through a 
process of comparison (Markman & Gentner, 1997; Oakes, Kovack-Lesh & Horst, 2009). 
4. Games four to six use different characters to express the pair of emotions to be discriminated 
and therefore stimulus variability is increased. Because of this, the child must focus on the 
expressions of emotion and ignore distractions such as character-specific facial feature 
differences. 
8.3.3. Stage Three: Odd Emotion Out 
The third stage of the intervention, “Odd Emotion Out” is designed in a highly familiar format 
being based on the age old game of “odd one out”.  Odd Emotion Out is a visual search game 
using emotional stimuli.  This stage has been designed to have real world validity.  In real life 
situations, people rarely encounter a face in isolation but rather see an array of different faces.  
Research has demonstrated that under these conditions, ASC individuals experience particular 
difficulties in differentiating facial expressions of emotion in the faces they are confronted with 
(Konstantareas, 2006).   An established autistic superiority for visual search (O’Riordan & 
Plaisted, 2001; Plaisted et al., 1998) provides robust justification for the inclusion of a game of 
this nature. This method of training is postulated to reinforce the previous learning of exemplars 
of facial expressions of emotion in a more ecologically valid way and will be delivered in a 
manner recognised as suitable for the perceptual atypicalities characteristic of autism.  
Furthermore, this phase of the intervention is designed to force the process of categorisation, a 
cognitive process that is argued to be deficient in autism (Klinger & Dawson, 2001; Plaisted et 
al., 1998) and is offered as another probable explanation for the generalisation difficulties 
experienced by ASC individuals.  By detecting and indicating the face that does not match the 
emotions of the other faces presented in a visual array, the user is, by default, organising the 
presented information into conceptual groupings.  For example, when attempting to detect a sad 
face amongst an array of happy faces, the user is grouping all exemplars of happy faces 
together in order to successfully identify and indicate a non-category member (the sad face).  
This training could therefore enhance the conceptual learning for facial expressions of emotion. 
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Figure 13: Odd one out game screens 
For games one to three, all six characters are physically identical but five of the six items are 
distractor items. Four present an expression from a contrasting emotion category (see Fig. 13, 
game one – four of the emoticons portray fear) and one is a “control distractor”, i.e., a face 
presenting a second contrasting emotion (in this example, anger). The control distractor is 
included to ensure players do not simply select the target that differs (in terms of configuration 
of facial features) from other faces in the array. In Games one to three, only the portrayed 
emotion distinguishes the target stimuli, with all the other features of the characters used 
remaining constant (i.e. stimuli consist of the same character).   In games four to six, the 
stimulus display is made up of different characters (negating the need for a control distractor). 
Purpose/Intended Learning Outcomes:  
1. Stage three is a systematic progression from Stage two whereby the child must discriminate 
between the emotional expressions presented by nine faces in order to locate and identify the 
target emotion. Although more demanding than earlier stage games, the learning environment 
is still designed to maximise the child’s chances of answering correctly. Images are provided for 
comparison and so ASC children can use their discrimination abilities to assist them with the 
task. 
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2. When the child reaches this stage of training it is presumed that learning of all emotional 
exemplars introduced at the particular difficulty level has been achieved.  This stage aims to 
reinforce learning of facial expressions of emotion. 
3. This stage aims to enhance the conceptual learning for facial expressions of emotion via 
forced categorisation processes. 
8.3.4. Stage Four: How Am I Feeling? 
The final stage of the game is essentially a practice and testing phase and comprises six games 
sequentially organised to reflect their increasing level of difficulty and stimulus complexity.  How 
Am I Feeling? includes labelling and matching tasks and allows the player to practice and apply 
their newly acquired emotion recognition skills in a more cognitively demanding arena. 
 
Figure 14: How am I feeling? game screens 
As can be seen in Fig. 14 above, matching tasks are conceptually similar to “Same Or Different” 
games but slightly more complex as the child must compare the target face with four expression 
options faces (as opposed to one).  Answer faces are always provided by an emoticon 
character and therefore provide a visual representation of an extremely salient exemplar of the 
emotion therefore assisting recognition.  
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Labelling tasks are conceptually similar to “Which Face Is” but rather than having a choice of 
two faces to compare and then match to a given emotion label; the child views only one face 
(no comparison face is provided) and has four emotion labels from which to choose. The child 
must now match the emotional expression and emotion category (label) without the assistance 
of a visual representation of an extreme form of the emotion (emoticon).   
Purpose/Intended Learning Outcomes: 
1. This stage is the most difficult conceptually and can be seen as a way to allow the child to 
practice their newly acquired skills and consolidate their learning.  
8.4. Storyline  
A simple, logically progressing, subject relevant (FER), narrated storyline is provided whereby 
the player is tasked with rescuing six emotion characters imprisoned on different planets by an 
evil alien emperor. This is achieved by completing a series of challenges (emotion games) 
which allow them to travel forward in the Emotiquest rocket to reach the “to be rescued” emotion 
characters.   
8.4.1. Game Progression  
Emotiquest’s storyline not only contextualises the learning material (FER), but it also, like many 
serious games, provides structure by including a linear path of progression from the beginning 
of the game to completion (Hannafin & Peck, 1988). As Emotiquest is aimed at young children 
(< eleven), a transparent and direct way to achieve its end goal (rescuing all emotion 
characters) is offered whereby successful completion of a game results in progression of the 
Emotiquest rocket towards each planet (see figure 15). The stars appearing on the progress 
screen correspond to each game in a stage and are used to chart (and provide a visual 
reminder of) the child’s progress by changing appearance (from a sad faced, dull orange star to 
a bright, sparkling, happy faced yellow star) once the child has successfully completed a game. 
The planets are representative of the end of the current stage and the beginning of the next 
stage. Upon successful completion of a stage, the once imprisoned emotion character is freed. 
A narration is supplied at each stage which offers not only reward and encouragement but also 
provides a definition, description and example scenarios of the emotion of the next character to 
rescue. 
168 
 
The systematic progression of the Emotiquest rocket from star to star and planet to planet was 
an intentional design quality and was included in order to be specifically attractive to ASC 
players. As stated, ASC individuals have a need for sameness and predictability, characteristics 
that have been are attributed to their hyper-systemising cognitive style (Baron-Cohen, 2006). As 
such, in order to foster a positive learning experience, the Emotiquest progression path is pre-
determined and unchanging (the rocket will only travel forwards, never backwards or from side 
to side) and the path is clearly visible being marked by game progression stars. As discussed 
previously, stage progress is linear, meaning that the player can only play the next game/stage 
in the sequence when they have successfully completed the previous game/stage.   
 
Figure 15: Emotiquest progress screen 
8.5. Menu screen 
To allow some degree of autonomy (one of the principles of serious game design) and to 
encourage practice, once a player has successfully completed a game or stage, they are able to 
return and replay that game or stage at any future point. The menu screen allows the child to 
replay any previously completed games (uncompleted games are shown as greyed out and 
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cannot be selected).  Children can replay any game at any level of difficulty providing they have 
previously completed that game. Once Level one has been completed, the Level two menu 
screen will be shown as the default menu screen. Level one games may be accessed by 
clicking on the level button. The menu screen also allows access to the previously unlocked 
emotion comprehension screens. The comprehension screens are accessed by clicking on the 
planets that appear either side of the game buttons. See Fig. 16 below for an example of the 
level 2 menu screen. 
 
 
Figure 16: Emotiquest menu screen 
8.6. End of Game ‘Mini Games’ 
As previously discussed (see section 7.1.1), the facial manifestations of surprise and fear are 
highly similar, and as a result, are difficult for clinical and non-clinical populations to discriminate 
(Ekman, 2003). In ASC, fear and surprise have been found to be particularly problematic 
emotional expressions to recognise (Rump et al., 2009) and since the identification of fear has 
survival value (recognising fear in others aids avoidance of potentially harmful situations or 
stimuli) (Darwin, 1872), it is important that ASC individuals do not confuse this potential warning 
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signal with that of surprise. Emotiquest therefore provides mini games at the end of each main 
game, dedicated solely to the discrimination, categorisation and identification of surprise and 
fear (see Fig. 17). These mini games allow extra, focussed practice of these notoriously difficult 
to differentiate emotional expressions by teaching the differences and similarities between their 
physical manifestations.    
These games follow the same format as the preceding main game, (e.g. Same or Different mini 
game follows the ‘same or different’ format but use only fearful and surprised faces). Because 
these emotional expressions pose considerable recognition and discrimination challenges to 
players, mini games are kept relatively short (in comparison to main games), and, unlike the 
main games, it is not a game progression rule that incorrectly answered items must be 
answered correctly on a subsequent attempt.   
 
Figure 17: Same or different? mini game screen 
8.7. End of Game ‘Bonus Games’ 
Like many serious games, Emotiquest not only offers main game challenges where the sole 
purpose is to teach the intended learning outcomes (in this case, FER), but it also branches 
away from the main structure of the game to offer a number of bonus game challenges 
(Hannafin & Peck, 1988). These bonus games were included in Emotiquest for the purpose of 
motivating the child to continue playing by injecting fun into game play by providing challenging, 
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fast paced, time-limited games. The inclusion of bonus games also allowed for a reward system 
to be integrated into the game whereby the child could earn bonus points which subsequently 
provided them with the ability to buy new Emotiquest rockets at various points in their quest 
(Parker & Lepper, 1992). The inclusion of a competitive aspect (earning bonus points to gain 
rewards) is common in serious games and has been found to enhance motivation in learners to 
complete the learning activities that lie at the heart of the game. Akin to the “carrot and stick”, 
learners complete main game challenges (where the learning objectives are delivered) in order 
to reach the more entertaining, competitive elements (bonus games) (Prensky, 2001).  
Although bonus games were included in order to improve motivation and offer reinforcements in 
the form of rewards, the goals of every bonus game were kept in line with Emotiquest’s learning 
goals (all bonus games were FER challenges) and therefore were also included to improve time 
on task and enable the child to practice their skills in new contexts in order to facilitate learning 
transfer (Aldrich, 2004). Emotiquest was therefore designed to seamlessly integrate learning 
and entertainment, a serious game characteristic found to provide a more rounded and 
motivating learning experience (Gee, 2005). 
The decision to include bonus games in Emotiquest was also supported by findings from a 
usability study (see Chapter Nine). The design and development of Emotiquest was guided not 
only by theory but also adopted a user centred design (UCD) approach, which takes into 
account the needs and preferences of the intended end user (Pagulayan et al., 2003). The 
usability study found that ASC children who played a prototype version of Emotiquest (which 
included only the main games) were frustrated by the lack of fast and dynamic elements to 
game play and the absence of a reward or incentive system. Bonus games were therefore 
added to cater for both these needs in order to enhance both enjoyment of the game and time 
spent with learning materials.   
Bonus games immediately follow the mini games. There are two bonus games per stage, each 
delivering time-based challenges that draw on the same skills acquired and practised in the 
training games.  Bonus games allow the child to earn bonus points, which they can use to 
unlock new Emotiquest rockets each time they complete a stage.  
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8.7.1. Facebounce (Stage one bonus game) 
As can be seen in Fig. 18, in this game, faces (from the main training games) fall from the top of 
the screen and players must click on the faces that match the emotional expression of the two 
example faces displayed at the top of the screen. Players must keep clicking on the target faces 
to keep them in play for the duration of the screen challenge (30 seconds). If a face is not 
clicked on, it will gradually fall to the bottom of the screen where it is lost and not replaced. 
There are three target faces in total to “save” per screen challenge (four challenges per game, 
each announced by the audio clip “let’s play!”. Players lose a point each time a target face is 
lost. When players click on a face that is not showing the same emotion as the example faces, 
they will hear “oops, try again”. If a target face is lost by falling off the bottom of the screen, 
players will hear “uh oh!” and a bonus point is deducted. 
 
Figure 18: Facebounce screen 
8.7.2. Snap (Stage one bonus game) 
Players are presented with two playing cards (See Fig. 19). The pairs are turned over 
automatically and players must click “SNAP” when the emotions on the two faces are the same.  
Players must decide quickly before the next pair of cards are presented (1.5 seconds) and put 
into play. Three points are awarded for every correct “SNAP” detected (correct “SNAP” 
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responses are accompanied by the “SNAP” audio feedback). Two points are deducted for 
incorrectly selecting “SNAP” for a non-matching pair or failing to click “SNAP” in time for a 
matching pair. In both instances, players hear “uh oh!”.  
 
Figure 19: Snap screen 
8.7.3. Bubblepop (Stage two bonus game) 
As illustrated in Fig. 20, players must pop as many bubbles containing faces as they can within 
the allotted time whilst avoiding the target emotion bubbles. The target emotion is announced at 
the beginning of the game both on screen in text and via audio narration. Each time a correct 
bubble is popped, it disappears. Each time an incorrect “target emotion” bubble is selected, 
players hear “oops, try again!” and one point is deducted. The aim is to clear all bubbles so that 
only the target bubbles remain at the end of the 30 second game. Players are awarded twenty-
five points at the start of the game and five bonus points are deducted for every non-target 
emotion bubble remaining at the end of the game. 
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Figure 20: Bubblepop screen 
8.7.4. Matching Pairs (Stage two bonus game) 
Players are presented with a matrix of twelve cards (face down), two of each emotion (see Fig. 
21). Players must click on the cards (two at a time) to turn them over to find the matching pairs 
of emotions. Once a matching pair of emotions is uncovered, players will hear “SNAP!” and the 
pair will remain face up. Players are awarded one point for every pair found. Players have a 
total of forty seconds to find all six emotion pairs. 
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Figure 21: Matching pairs screen 
8.7.5. Emotion Detective 1 (Stage three bonus game) 
Players are presented with five screen challenges. As shown in Fig. 22, for each challenge, they 
must find the target face amongst other faces that are arranged in a static grid. The number of 
faces presented increases with each subsequent screen challenge. Once players have found 
the target face, they must click it to register their response. The faster they are at finding the 
correct face, the more points they are awarded. If they fail to find the face in the allotted time, 
the correct face will be highlighted and the next screen challenge will be presented. 
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Figure 22: Emotion detective 1 screen 
8.7.6. Emotion Detective 2 (Stage three bonus game) 
A replica of Emotion Detective, however, the faces are no longer presented in a static grid but 
move randomly around the screen (see Fig. 23). 
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Figure 23: Emotion detective 2 screen 
8.7.7. Who am I? (Stage four bonus game) 
This game requires players to place one of four faces on a faceless figure by deciding how the 
figure would be feeling in a number of situations (see Fig. 24 below for an example screen). 
Clicking on the face that correctly belongs to the body results in the face appearing on the body 
(audio feedback accompanies this process). The quicker the player is, the more points they are 
awarded (maximum five points – minimum one point). If players select an incorrect face, they 
hear “oops, try again!” and one point is deducted. All situations/scenarios are taken from the 
emotion comprehension screens. 
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Figure 24: Who I am? screen 
8.7.8. Player’s choice (Stage four bonus game) 
Players are finally given the opportunity (at the end of How am I feeling? Games two, four and 
six) to select any of the bonus games they wish to play. Players are presented with a bonus 
game menu screen and click on the game they would most like to play (see Fig. 25).  
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Figure 25: Player's choice bonus game screen 
8.8. Bonus games rocket reward system 
Bonus games are included to allow the child to earn bonus points which they can use to buy 
different coloured rockets which are used to chart their overall progress on the map screens and 
within game progress (see Fig. 35. in-game progress bar below). Rockets can only be unlocked 
or changed at the end of each stage once the child has won at least fifty bonus points.  
8.8.1. Rocket shop introduction screen 
Before playing each bonus game, players will see the rocket shop introduction screen (see Fig. 
26 below). This screen advises players of the rockets available for unlocking at the end of the 
stage (six in total), the number of bonus points required to unlock each rocket and how many 
bonus points they currently have. 
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Figure 26: Rocket shop screen 
8.8.2. Bonus points feedback 
During bonus game play, players can keep track of the bonus points they have accumulated so 
far throughout the stage (in the example below (Fig. 27) the child has scored 160) and the 
amount of bonus points they have won during the current game. The bonus points won during 
the current game are shown in brackets (in the example below, 6). This information is presented 
in the top hand corner of every bonus game screen. 
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Figure 27: Bonus points indicator 
8.8.3. Rocket shop – enough points to buy new rocket 
At the very end of each stage, players are taken to the rocket shop (see Fig. 28). Here they can 
unlock new rockets or change their current rocket for any previously unlocked rocket from 
earlier stages, provided they have accumulated enough bonus points during the stage (fifty 
points). Players simply click on the rocket they wish to play the next stage with. Once a rocket is 
unlocked, it remains unlocked and is available from the rocket shop on all subsequent visits. 
Once players have selected their new rocket, bonus points are reset to zero for the next stage. 
If players do not use their bonus points to unlock a new rocket, these are carried over to the 
next stage. 
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Figure 28: Rocket shop unlocked screen 
8.8.4. Rocket shop – need more points to buy new rocket 
If players do not have enough points to unlock the stage rocket, they will be taken to the rocket 
shop (fail) screen (see Fig. 29). From here, they can either select (by clicking) a previously 
unlocked rocket (all available rockets are shown) or opt to earn more points by clicking get more 
points button.  
 
Figure 29: Rocket shop (need more points) screen 
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8.8.5. Rocket shop – getting more bonus points 
By choosing the get more bonus points option, the player is directed to a bonus game menu 
screen where they can choose to play any of the previously played bonus games from the 
previously played stage. The child can choose to do this as many times as they wish or is 
necessary for them to earn the required points.  
8.9. Emotion comprehension training 
Although primarily designed to teach children how to distinguish and recognise facial 
expressions, Emotiquest also aims to ensure that children understand the meaning of each 
taught emotion and have a chance to reflect on their own experiences of each emotion. For this 
reason, Emotiquest includes emotion comprehension screens. The emotion comprehension 
screens play automatically at the beginning of every new stage and introduce the emotion the 
child is required to “rescue” next.  
Once an emotion comprehension screen has been viewed, it can be revisited as many times as 
the child wishes via the menu screen.  Each emotion comprehension screen comes in two 
parts; the first provides a child friendly definition and description (with examples) of the emotion 
(via audio) whilst simultaneously presenting numerous visual examples of this emotion 
expressed facially (see Fig. 30). The second screen (see Fig. 31) encourages the child to 
consider situations that might make them feel that emotion by providing examples of 
hypothetical emotion eliciting scenarios. Screen two requires the child to indicate whether each 
of the presented scenarios makes them feel the given emotion.  The child cannot progress until 
each scenario has been considered and an answer option (yes or no) selected. This part of the 
only part of the game which encourages parental/teacher input. It provides an opportunity for 
the child to discuss and reflect on the emotion in more detail with a third party (parent or 
teacher) and think of situations (other than the scenarios given) that make them feel the given 
emotion. 
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Figure 30: Emotion comprehension screen part one 
 
 
Figure 31: Emotion comprehension screen part two 
8.10. Provision for non-readers 
Emotiquest has been designed for ASC children and due to the great variance in cognitive 
ability in this highly heterogenic group coupled with the researcher’s desire to ensure the 
intervention is accessible to all ASC children who would benefit from its training strategies, both 
readers and non-readers have been catered for. All screen text narrative (e.g. introduction of 
the story, stage or game) is simultaneously presented in audio format (and can be repeated by 
the player as many times as required). In addition, audio recordings of all screen text (buttons, 
answers, labels etc.) will play on demand (the player can click on audio buttons located 
adjacent to each piece of text).   
8.11. In-game assistance 
Immediately prior to the start of each new game, the child is presented with an instruction 
screen, which provides details of the upcoming game (see Fig. 32 for example). The instruction 
screens show how the game screen will look and give directions of how to play. This information 
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is provided via written instructions presented on the screen, vocal narration and a visual of how 
the game screen will appear. The instruction screens can also be accessed at any time during 
play by clicking on the help icon.  Game progress will not be affected and the child will be 
returned to the same position within the game once they click the play button. Emotiquest is 
therefore easy to navigate and understand by young children to ensure minimal supervision is 
required.   
 
Figure 32: Instruction screen example 
8.12. Feedback, reward and reinforcement 
A gentle indicator of success or failure via visual and auditory feedback is used consistently 
throughout each game and stage (the visual feedback is either an emoticon with thumbs up for 
a correct answer or a try again message for an incorrect answer and auditory feedback consists 
of a message -“that’s right, i’m happy” or “i’m not happy, try again” etc.) (see Figs. 33 and 34 
below). Multi-modal (visual and auditory) feedback is provided in order to reinforce the 
association between the visual and auditory elements and the visual expression of a particular 
emotion. For example, the player might hear the character say “that’s right, I’m angry” in a 
typically angry voice and therefore should learn to associate the visual and auditory elements of 
that emotion. In-game audio is provided by a synthetic and androgynous voice in order to apply 
to all characters used in the game. One of the researchers recorded all audio clips and 
achieved the required sound effect by adjusting the voice pitch using the Audacity 1.3 Beta 
sound editor software package. Furthermore, to provide the player with a visual indicator of their 
progress within a game, a progress bar appears at the bottom of every main training game. At 
the very start of each game, the Emotiquest rocket is positioned to the left of the screen and 
with each correctly answered question, the rocket gradually moves towards the right of the 
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screen (see Fig. 35). This provides the child with an idea of how much more they need to do to 
complete the game.   
 
Figure 33: Example of visual feedback for correct answer 
 
Figure 34: Example of visual feedback for incorrect answer 
 
Figure 35: Progress bar (appears at bottom of every main game screen) 
8.13. Leaving and returning to the game 
A ‘save and reload’ feature was included in the game programming to make sure the player was 
returned to the same point in the game they left during the last game session. This feature 
allowed the child to play the game over multiple sessions rather than in one sitting and was 
designed to apply to all exit methods and paths (following correct exit game procedures / 
pressing the escape key / software or hardware crash). Progress is only saved for completed 
games, stages and levels. Progress within a game is not saved and therefore players will be 
returned to the beginning of that game on their next play session.   
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8.14. Task repetition 
Emotiquest games are highly repetitive, with each successive game in a stage appearing 
almost identical to the last (in terms of game interface, the aim of the game and game 
mechanics/method of play). This repetition was intentional in order to provide an optimal 
learning environment. Whereas repeating the same task may induce boredom in neuro-typical 
children, task repetition is advocated as a positive teaching method for autistic children (Wing, 
1998). Furthermore, the issue of stimulus over selectivity, often reported as contributing to the 
failure of generalisation of learning of acquired skills beyond the training program, may be 
overcome through repeatedly teaching multiple exemplars of emotional expressions (Koegel & 
Koegal, 1995). 
8.15. Item randomisation 
Emotiquest allows players to return to and replay any game previously successfully completed 
in order to provide increased learning opportunities. To ensure the player experiences a novel 
experience on each subsequent visit to a particular game, item presentation is randomised. This 
also prevents two or more players sharing an identical play experience and hopefully 
encourages independent learning (players sitting side by side will not view the same question 
items in the same order and so will not be in a position to simply rely on another player’s 
answers). 
8.16. Summary of Game Strengths 
1. Training combines and applies the tenets of the enhanced discrimination theory 
(Plaisted, 2001) (in terms of considering the differential way ASC individuals perceive 
differences and similarities so that categorisation processes are facilitated), the E/S 
theory (in terms of ensuring the intervention is structured in a way that appeals to their 
systemising cognitive style), memory enhancing techniques documented in cognitive 
psychology literature (Markman & Gentner, 1997), (to account for their impaired 
memory for facial stimuli), and the social and perceptual affordances of synthetic 
characters (to promote focus on critical face regions and encourage motivation). 
 
2. Training is structured to ensure that new tasks build on previously learned tasks.   
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3. The individual learning style of the child is considered (visual/or visual and auditory, 
independent learning only/teacher/parental support or both). 
 
4. The game affords opportunities for social interaction – the Emotiquest emotion 
comprehension screens promote interaction and discussion with 
teachers/parents/peers. 
 
5. The software is portable (accessible) and age appropriate (primary school aged children 
can play at home or at school). 
 
6. Reinforcers are tailored to ASC systemising preferences. 
 
7. Emotiquest is child-friendly, attractive and offers a predictable and customisable 
environment. 
 
8.17. How Emotiquest satisfies serious game criteria 
1. Emotiquest incorporates a storyline relevant to the learning objectives (facial emotion 
recognition) and therefore contextualises the learning materials. The storyline (rescuing 
emotion characters) and dramatic elements of the game (for example, end of stages; bonus 
game rewards etc.) are congruent with the game objectives (FER) and as such, follow the 
principles adopted by Kato et al. (2008) when designing their successful cancer treatment 
serious game. Facial emotion recognition is central to the storyline and therefore should 
enhance intrinsic motivation to learn (Baranowskiet al., 2008).  
 
2. Goal setting, a feature of serious game design has also been identified as effective in 
enhancing intrinsic motivation (Garris et al., 2002). For this reason, Emotiquest includes 
incremental goals (finishing stages, levels, accruing points for bonus rockets) and an end 
goal (completing the game by freeing all emotion characters). According to serious game 
principles, this feature should keep the player motivated to keep playing, even as game 
difficulty increases (Baranowski et al., 2008). The incremental goals in Emotiquest are 
structured to ensure that goal difficulty matches the player’s level of competence or skill 
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acquisition. This is in accordance with flow theory that asserts that engagement, focus and 
task enjoyment will be maximised when skill levels are matched to the goal in hand 
(Shernoff et al., 2003). 
 
3. Serious game design posits that there should be a feedback and reward system in order to 
further promote intrinsic motivation, especially as challenges become more difficult and 
success is harder to achieve (Habgood & Ainsworth, 2011). Emotiquest provides players 
with continuous positive feedback (after each question, game, stage, level etc.) in order that 
the child is aware of their correct and incorrect answers and their game progress; a feature 
argued to encourage a player to continue to the end of the game (Kapp, 2012). This feature 
may be even more beneficial to ASC learners who demonstrated that computer delivered 
feedback (auditory and visual) contributed to the success of a computer program which 
aimed to increase vocalisations in ASC children (Hailpern, 2008). Since Hailpern (2008) 
found that some ASC children responded better to visual feedback, others to auditory and 
others to a combination of both, Emotiquest was designed to allow the ASC child to 
customise their feedback preferences.   
 
4. Finally, Emotiquest allows players some degree of autonomy over their game experience; a 
serious game feature argued to significantly maximise intrinsic motivation (Huntinger, 1996).  
Informed by self-determination theory (Ryan et al., 2006), Emotiquest allows the player to 
direct some features of the game themselves (e.g. which games to play again, which rocket 
to use, whether their learning environment was multi-media or visual only etc.).  
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CHAPTER NINE 
STUDY TWO 
Emotiquest usability study 
 
9.1. Introduction 
Before being in a position to evaluate the effectiveness of the training strategies in enhancing 
ASC children’s FER abilities, it was important to first establish the appropriateness and 
adequacies of the serious game that would deliver these strategies. This component of the 
research project was therefore to design, produce and evaluate an abbreviated prototype 
version of Emotiquest to ensure usability. The usability study was necessary to assess;  
• Whether the game appealed to HF ASC children (that it engaged them and 
motivated them to play). 
• That its difficulty level was appropriate for the target end user (i.e. it was neither 
too easy nor too difficult). 
• That the target end user would understand how to play and be able to navigate 
the game independently and effectively. 
• To ensure the game ran effectively with no major programming glitches and 
that it recorded in-game data (date, time accessed, game played) as required.  
The usability study was deemed an important stage of the research as it ensured that any game 
inadequacies (lack of understanding, engagement, enjoyment and motivation) were eliminated 
before an evaluation of the efficacy of the final intervention was conducted. Controlling for game 
usability factors ensured that results from the final evaluation study of Emotiquest were not 
clouded or influenced by potential usability issues.   
Although the initial concept for the serious game (including its strategies and design) and the 
resultant prototype was heavily guided by theory, the usability study also enabled a user 
centred design (UCD) approach to further the development of Emotiquest.  UCD is often 
employed in game design (Pagulayan et al., 2003) to ensure the needs, capabilities, 
impairments, preferences and learning styles of the intended end user is catered for.  
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The findings from this usability study (involving ASC children and their primary care givers) were 
therefore used to guide further development of Emotiquest through modifications of those 
features that were highlighted as causing usability problems, refining or improving aspects that 
were found to be non-motivational or disliked by ASC children and adding game features or 
elements suggested by usability participants that would enhance motivation and enjoyment.  
9.2. Method 
9.2.1. Design 
A mixed methods approach to assess usability of the Emotiquest intervention was employed 
combining child participant workbooks and parental questionnaires to obtain both quantitative 
and qualitative feedback on various aspects of the game and the analysis of the in-game data 
capture facility, which provided valuable information about the game’s ability to capture and 
record critical game play information (date, time accessed, games played). (See Table 8 below 
for details of how each usability element was assessed and Appendix 4 for full details of the 
parental and child questionnaires). The study was approved by the University of Bolton Ethics 
Committee. 
Table 8: Usability aims and assessment methods 
 
9.2.2. Participants 
Inclusion criteria for the usability study participants reflected the population for whom the game 
was designed and therefore included HF ASC primary school aged children.  Children were 
recruited from a mainstream primary school in Bolton, Greater Manchester. The head teacher of 
the primary school was initially approached by email informing him of the study. All participants 
were English speaking, were untrained in formal techniques for the decoding of facial 
expressions of emotion, had normal or corrected to normal vision and had previous experience 
Aim Description Assessment method
Analysis of in-game data.
Parental Emails.
2 Ensure the game records game play data correctly. Analysis of in-game data.
3 Ensure the child understands the story and overall aim of the game. Parental feedback section of usability booklet.
4 Ensure the child understand how to play each and every game in the intervention. Parental feedback section of usability booklet.
5 Ensure the child can navigate and control the game. Parental feedback section of usability booklet.
1. Parental feedback section of usability booklet.
2. Child feedback section of usability booklet.
1. Parental feedback section of usability booklet.
2. Child feedback section of usability booklet.
1. Parental feedback section of usability booklet.
2. Child feedback section of usability booklet.
1. Parental feedback section of usability booklet.
2. Child feedback section of usability booklet.
9
Ensure child is engaged with and enjoys the game.
Gain feedback on certain aspects of the game; stimulus parameters 
(colour/sounds/size on screen/stimuli/interface/language/instructiuons) to ensure 
all elements are appropriate and optimal for the intended audience/end users.
Gain feedback regarding ASC (and parents of) situations which elicit each emotion.
Ensure child responds well to synthetic faces. 
1 Ensure game runs smoothly (no programming glitches)
6
7
8
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of using a personal computer and mouse. All participating children attended a mainstream 
primary school and had received a formal diagnosis of ASC using established criteria (APA 
1994). IQ scores were not available, however, all children had obtained a reading age (or age-
equivalent score) within the normal range for their chronological age on standardised school 
administered reading tests within the previous academic term (SSRT: McCarty & Lallaway, 
2012). 
Participants’ ASC diagnosis was confirmed using the Children’s Autism Spectrum Test (CAST) 
(Scott et al., 2002) and scores fell between the range of 19 and 28 (mean CAST score = 22.85, 
Std. Dev = 3.4). 13 children, aged between 6 and 11 (mean age = 7.85, Std. Dev = 1.68) were 
recruited for the usability study. The reading age of participating children also fell in the range of 
6 and 11 (mean reading age 7.92, Std. Dev = 1.50). All participating children satisfied inclusion 
criteria as assessed by a screening questionnaire (see 9.2.3. below). All participants were 
provided with the full Emotiquest intervention following its further development and evaluation 
as a thank you for their participation.  
9.2.3. Instruments 
A screening questionnaire (see Appendix 5) was completed by parents of participating children 
to ensure they were within the age group required (five-eleven), had received a formal diagnosis 
of ASC, were of normal intellectual functioning (their reading age was at or above their 
chronological age), had experience of using a personal computer and mouse (or mousepad) 
and that they had normal vision.  
Two questionnaires, a parental feedback questionnaire and a child feedback questionnaire were 
developed (please see Appendix 4 for full details). The parental questionnaire comprised eleven 
sections, each relating to different aspects or screens in the game (Title screen, Progress 
screen, Instruction screens, Main menu screen, each of the four game stages, overall usability 
issues (covering narration, navigation, understanding etc.), face type preference and a section 
regarding emotion eliciting situations specific to their child. In total, the parental questionnaire 
comprised forty-one forced choice items, eight comment boxes whereby they could elaborate 
on the reasons for their answers to the closed questionnaire items and a section where they 
were asked to provide examples of scenarios that led to their child experiencing each of the 
basic emotions of happy, sad, angry, afraid, surprised and disgusted. The child feedback 
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questionnaire was presented as a child friendly, colourful booklet and comprised 12 forced 
choice items relating to enjoyment, two questions which required them to circle the faces used 
in the game that they particularly liked and disliked, five open ended questions relating to their 
preferences and reasons for their answers, a section which allowed them to draw their own 
version of what each game screen should look like, and, similar to the parental questionnaire, a 
section which asked them to list or draw things that elicited each of the basic emotions.  
Finally, each child was provided with a copy of the Emotiquest prototype on a CD-ROM. The 
prototype included only level one main games. The prototype did not include mini games, bonus 
games, emotion comprehension screens or the rocket shop (see Chapter Eight).  
9.2.4. Procedure 
An information sheet outlining the purpose of the study and what would be required of both 
participating children and their caregivers was sent to all parents along with a consent form and 
suitability screening questionnaire (See Appendix 5).  
The study involved each child receiving a copy of the “Emotiquest” prototype to play at home 
along with an accompanying workbook designed to gather their feedback on various aspects of 
the game. The prototype was designed to capture and record game play data in order to 
provide information about progress (to enable to researcher to check all games had been 
played and to gain information regarding the number of times the game had been accessed 
during the 12-week period). A second questionnaire was also provided for parental feedback.  
This enabled valuable insights from supervising parents or guardians, that may not, due to the 
age of participating children, be easily obtained from the children themselves (limited 
understanding of posed questions and subsequent articulation of answers/thoughts etc.).  
Children were required to play Emotiquest through to completion or over a period of two weeks 
(whichever came first). They could play the game from start to finish in one session or for 
shorter periods over several sessions. Parents were instructed not to influence their child’s 
responses in any way and to only assist their children with navigating the game if this was 
requested. Parents were asked to note down on the parental feedback questionnaire, any 
instances where their child required assistance or indicated satisfaction, enjoyment, further 
needs, dislikes etc. Children could either complete the child feedback questionnaire during or 
after game play with parental guidance if needed. Again, parents were asked not to influence 
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their children’s responses in any way but to assist with communicating their child’s ideas if 
necessary.  Parents were instructed to email the captured game data files to the researcher 
once their child had finished playing the prototype and to keep a log of any programming 
glitches/crashes that occurred during game play (and email to the researcher). It was made 
clear that their child was free to withdraw from the study at any time without giving a reason. 
9.3. Results 
9.3.1. In-game data analysis and parental email feedback  
Parental emails were analysed in order to satisfy the following study aims; 
• Aim 1: Ensure game runs smoothly (no programming glitches). 
All parents reported that the game ran smoothly and no programming glitches were identified. In 
game-data logs were analysed in order to satisfy the following study aims; 
 
• Aim 2: Ensure the game records game play data correctly. 
All parents emailed the data files once their child had either completed the game/or after two 
weeks had passed, whichever came first (see Figure 36 for an example of the game data file). 
Only one child failed to complete the game in its entirety within the allotted time of two weeks, 
reaching half way through the final stage.  
 
Figure 36: Example of in-game data file 
Each in-game data file was assessed by the researcher in order to ensure data for every 
question, game and stage had recorded. This was found to be the case.  
9.3.2. Questionnaire analysis 
Data from the closed question sections of the parental and child feedback questionnaires 
(requiring either a yes, no or don’t know answer) were converted into percentages to highlight 
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potential issues. Given the heterogeneity of ASC children, a relatively stringent 80% agreement 
rate was decided upon as indicative of a successful element of the game. Any positively 
phrased questions that received less than 80% agreement by participants were considered 
problematic and were subject to further developmental considerations.  Results for each section 
of the questionnaire are provided and summarised below. In addition to the closed questions, 
the parental and child questionnaires included a number of open-ended questions in order to 
gain further insight into the way the game was perceived and experienced by both children and 
their caregivers and to provide further clarification of the issues highlighted by the closed 
questions. Comments and open ended questions also ensured that any issues not previously 
considered as potentially problematic (and therefore not included in the closed question items) 
could be elucidated and therefore dealt with appropriately.  The open-ended questions and 
comments boxes provided unstructured question whereby possible answers were not 
suggested, and the participant (parent or child) could answers in their own words.  
The analysis of textual data (the comments and open questions included in the parental and 
child questionnaires) used the thematic text analysis technique (Braun & Clarke, 2006) in order 
to look for the occurrence or co-occurrence of themes.  Answers for each question and 
comment box were analysed separately. Data was first eyeballed by the researcher and initial 
codes were generated. Themes were then identified and finally reviewed. Identified themes 
relevant to the usability of Emotiquest are presented below the closed question results. 
Table 9: Parental Questionnaire Responses (%) (Title screen) 
 
Usability of Title Screen: As shown in table 9, results demonstrated that all participants could 
navigate the title screen independently. Just over half of the children listened to the story 
To satisfy 
aim
N = 13
Yes 
%
No 
%
Don't 
know 
%
Problem 
identified?
3/7 Did your child listen to the narrated story in its entirety? 54 46 No
5
Did your child understand how to move on to the next 
screen by clicking "Next" without prompting from you? 100 0 No
5 Do you feel your child navigated this screen with ease? 100 0 No
Title Screen (screen that appears upon opening "emotiquest")
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narration from start to finish whilst 46% did not.  Since there was already an option for children 
to turn sounds off or on, no further development of the title screen was deemed necessary. 
Thematic analysis of Title screen comments box (problems, comments, 
recommendations): No comments were left for this section indicative of no issues.  
Table 10: Parental Questionnaire Responses (%) (Progress screen) 
 
Usability of Progress Screen: Table 10 above shows that, as with the narration for the title 
screen, 38% of children chose not to listen to the narration of the progress screen in its entirety. 
However, whereas the narration provided by the title screen simply gave the game a storyline 
and context and was therefore not deemed critical to the main objectives of Emotiquest, the 
narrative provided on the progress screen included explanations, definitions and examples of 
each of the basic emotions the children would be learning to recognise. Although primarily 
designed to teach children how to distinguish and recognise facial expressions, Emotiquest also 
To 
satisy 
aim
N = 13
Yes 
%
No 
%
Don't 
know 
%
Problem 
identified?
3/7
Did your child listen to the narration on these 
screens in thei entirity? (if this was not the case for 
all progress screens, please provide details below) 62 38 Yes
8
Do you think the definitions and explanations 
provided for each emotion during the narration 
were appropriate for your child's age/level of 
understanding? 100 No
8
Did the examples given for each emotion (e.g. I'm 
happy when I get cuddles) apply to your child's 
preferences/experiences etc? 100 No
5/7
Did your child understand that each star 
represented each game completed/to be 
completed? 100 No
3/7
Do you think the progress screens aided your child's 
understanding of the structure and aim of the game 
(to complete each game in order to reach and free 
each emotion)? 100 No
5
Did your child understand how to move on to the 
next game after listening to the narration (without 
prompting)? 92 8 No
Progress Screens (stars and planets) (screens appearing after 
completion of each game)
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aims to ensure that children understand the meaning of each taught emotion. Since it is 
important that all children receive the same training in the full intervention evaluation study, the 
lack of access to examples of emotions for children who may choose not to listen to the 
narration was highlighted as problematic and warranting a solution.  
The definitions, explanations and examples of emotions provided in Emotiquest in order to 
introduce each “to be rescued” emotion were deemed appropriate for ASC children following 
100% parental agreement. This suggests that whilst 38% of children did not listen to all of the 
narration (see point above), all children listened to enough of the narration to enable their parent 
to hear at least some of the definitions and examples. 
The progress screen was effective in providing children with an understanding of the structure 
of the game and the majority (92%) were able to navigate and exit the screen unaided.  
Thematic analysis of Progress screen comments box (problems, comments, 
recommendations): All parents left comments or recommendations in this comment box. The 
main theme emerging from an analysis of the texts was “storyline”.  All parents commented 
that their children responded favourably to the story. Subthemes of the storyline included; the 
story was enjoyable, the storyline motivated children to continue playing, the storyline was 
engaging and the storyline was exciting. A second theme to emerge was “rocket”. 80% of 
parents stated that the rocket (which chartered the child’s progress) was particularly liked by 
their children. Another theme “stars” was mentioned by at least 50% of parents and indicated 
that the children found the clear visual (turning from grey to bright yellow once a game was 
complete) motivating as they knew where they were and where they were going next. Finally, 
although no negative themes were identified in respect of usability, eight of the thirteen parents 
indicated that their child had asked where their points score was on this screen and therefore 
“lack of points/rewards” was identified as a theme. Six of these thirteen parents explained that 
their child was dissatisfied with the lack of earning points or rewards. 
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Table 11: Parental Questionnaire Responses (%) (Instruction screen) 
 
Usability of Instruction Screens: As can be seen in table 11, the only issue with the instruction 
screens identified as potentially problematic was that 31% of children did not understand that 
they were unable to play an instruction screen. This issue warrants further consideration. 
Thematic analysis of Instruction screen comments box (problems, comments, 
recommendations): No comments were left for this section indicative of no issues.  
Table 12: Parental Questionnaire Responses (%) (Main menu screen) 
 
To 
satisy 
aim
N = 13
Yes 
%
No 
%
Don't 
know 
%
Problem 
identified?
5
Did your child understand that they couldn't "play" 
an instruction screen and that this was for 
illustrative purposes only? (i.e. did they refrain 
from clicking on the answer they thought was 
correct?) 69 31 Yes
5
Were the instruction screens clear enough for your 
child to understand? 100 No
4/7
Did your child know how to play each game once 
they had viewed the instruction screens? (if this is 
not the case for all games, please provide details 
below). 100 No
Instruction Screens (screens appearing after completion of each 
game)
To 
satisy 
aim
N = 13
Yes 
%
No 
%
Don't 
know 
%
Problem 
identified?
5
Did your child understand that they could play any 
games on this screen that were not greyed out and 
that greyed out games were locked? 100 No
5
Did your child understand that they could go back at 
any time and replay a game by clicking on the name 
of that game? 77 23 Yes
5
Did your child understand how to unlock greyed out 
games (by completing the games before it?) 100 No
Main menu screen
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Usability of Main Menu Screen: Table 12 highlights that children understood which games they 
could and could not replay, reflected by the 100% parental agreement rate. Since 23% of 
parents did not know whether or not their children understood that they could replay unlocked 
games whenever they chose by clicking the menu screen, this was highlighted as requiring 
further consideration as this could obviously reduce opportunities for repeated interaction with 
the game strategies and face stimuli. 
Thematic analysis of Main Menu screen comments box (problems, comments, 
recommendations): No comments were left for this section indicative of no issues.  
Table 13: Parental Questionnaire Responses (%) (Stage one games) 
 
Usability and enjoyment of Stage one games: An appraisal of table 13 reveals that  92% of 
children understood immediately or quickly how to play the games in this stage. Furthermore, all 
parents indicated that their child enjoyed the stage. However, only 69% of children were found 
to enjoy all six games in this stage and therefore further consideration of the stage was deemed 
necessary.  
Thematic analysis of Stage one games comments box (problems, comments, 
recommendations):  The main theme identified was “too easy”. It is important to add that this 
theme was only apparent for the older children in the study (aged ten and eleven) and only 
applied to the first three games in the stage (where the same characters provided both 
expressions to discriminate). This theme did not apply to the latter three games which involved 
the children deciding whether two different characters were communicating the same or 
different emotion (a conceptually more complex discrimination). This finding explains why 100% 
To satisy 
aim
N = 13 Yes % No %
Don't 
know %
Problem 
identified?
4
Did your child understand immediately (or 
very quickly) how to play the games in this 
stage? (if this is not the case for every game in 
this stage, please provide details below). 92 8 No
6
Did your child appear to enjoy this stage? (if 
no, please provide details below) 100 No
6/9
Did your child enjoy all games in this stage? 
(if no, please provide details below) 69 31 Yes
Stage 1 (Same or different) Games 1-6
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of children enjoyed the stage overall, yet 31% did not enjoy all games in the stage.  “Fun” was 
also identified as a theme as this word was used by six of the parents. The final theme identified 
was “challenging” and on further inspection of the data, this applied only to the final three 
games of the stage. 
Table 14: Parental Questionnaire Responses (%) (Stage two games) 
 
Usability and enjoyment of Stage two games: As can be seen in table 14, all children 
understood and enjoyed stage two games. 
Thematic analysis of Stage two games comments box (problems, comments, 
recommendations): Two themes were identified, “fun” with eleven of thirteen parents 
commenting on how much their child enjoyed this stage and “challenging” with five out of 
thirteen parents stating that their child found the final three games difficult. No negative 
comments were identified as themes.  
Table 15: Parental Questionnaire Responses (%) (Stage three games) 
 
To satisy 
aim
N = 13 Yes % No %
Don't 
know %
Problem 
identified?
4
Did your child understand immediately (or 
very quickly) how to play the games in this 
stage? (if this is not the case for every game in 
this stage, please provide details below). 100 No
6
Did your child appear to enjoy this stage? (if 
no, please provide details below) 100 No
6/9
Did your child enjoy all games in this stage? 
(if no, please provide details below) 100 No
Stage 2 (Which face is) Games 1-6
To satisy 
aim
N = 13 Yes % No %
Don't 
know %
Problem 
identified?
4
Did your child understand immediately (or 
very quickly) how to play the games in this 
stage? (if this is not the case for every game in 
this stage, please provide details below). 92 8 No
6
Did your child appear to enjoy this stage? (if 
no, please provide details below) 100 No
6/9
Did your child enjoy all games in this stage? 
(if no, please provide details below) 100 No
Stage 3 (Odd Emotion out) Games 1-6
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Usability and enjoyment of Stage three games: As seen in table 15, all children enjoyed stage 
three games and 92% of children understood how to play this screen immediately or very 
quickly. 
Thematic analysis of Stage three games comments box (problems, comments, 
recommendations): The main theme identified was “difficult”. This stage proved particularly 
challenging for the participating children. “Focus” was identified as a sub theme with parents 
indicating that the difficulty level and addition of multiple faces promoted focus in their children. 
“Slow” was a second subtheme, with parents suggesting that the difficulty level meant their 
children took much longer to complete this stage than the previous two stages. Despite the 
challenging games in this stage, a second main theme identified was “fun”. Nine of thirteen 
parents indicated that their children found this stage particularly fun and engaging. One parent 
reported that her child asked repeatedly to play the game so he could play this stage in 
particular. 
Table 16: Parental Questionnaire Responses (%) (Stage four games) 
 
Usability and enjoyment of Stage four games: Table 16 above demonstrates that all children 
understood and enjoyed stage four games. 
Thematic analysis of Stage four games comments box (problems, comments, 
recommendations): No comments were left for this section indicative of no issues.  
To satisy 
aim
N = 13 Yes % No %
Don't 
know %
Problem 
identified?
4
Did your child understand immediately (or 
very quickly) how to play the games in this 
stage? (if this is not the case for every game in 
this stage, please provide details below). 100 No
6
Did your child appear to enjoy this stage? (if 
no, please provide details below) 100 No
6/9
Did your child enjoy all games in this stage? 
(if no, please provide details below) 100 No
Stage 4 (How am I feeling) Games 1-6
202 
 
Table 17: Parental Questionnaire Responses (%) (Issues) 
 
Usability issues identified: As seen in table 17 above, 38% of parents indicated that there was 
some text that required auditory accompaniment (for non-readers) that was not present in the 
prototype. This was therefore highlighted as an issue. 62% of children showed frustration with 
having to answer incorrectly answered questions three times and therefore this element of the 
game required further consideration and modification. Although the majority of children (69%) 
demonstrated understanding of how to access instruction screens, the progress screen and the 
main menu from the game screen, 23% of parents were not aware if this understanding was 
present and therefore these issues were highlighted as worthy of further consideration. 
Table 18: Parental Questionnaire Responses (%) (Issues) N=13 
 
Number of questions in each game issues: Despite Emotiquest games being highly repetitive 
and including multiple questions, table 18 reveals that only 14% of parents indicated that there 
were too many questions in each game and therefore this was not considered an issue by the 
researcher.  
To satisy 
aim
N = 13 Yes % No %
Don't 
know %
Problem 
identified?
5/7
Did your child understand how to repeat the 
narration on each screen if required? 92 8 No
5/7
Did your child understand how to switch the 
music on/off on all screens? 100 No
5/7
Did your child understand how to move on to 
the next screen (either by clicking "Next" or 
by completing a game) without prompting 
(from you)? 100 No
7
Was the narration / voice over clear enough 
for your child to understand? 100 No
6/7
Did your child appear to like the narrators 
voice? 100 No
Issues (narration/navigation/controls) relating to all  game screens
To satisfy aim
Not 
enough 
%
Correct 
amount 
%
Too 
many 
%
Problem 
identified?
6 0 86 14 No
Did you feel that there were the right 
number of questions in each game?
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Table 19: Parental Questionnaire Responses (%) (Face type preference) 
 
Face type preference: Table 19 reveals, as expected, that the majority of children (93%) 
showed a preference for synthetic cartoon faces whereas only 7% of ASC children showed a 
preference for human face training stimuli.  CGC faces were overwhelmingly popular with the 
ASC children.  
Table 20: Child Questionnaire Responses (%) (Question 1) (N = 13) 
 
Question 1 problems identified: As shown in table 20, although less than 80% of children liked 
the game music, it was decided that 77% was a high enough rate for music preference since it 
would be difficult to find music to suit the entire age range of children. Furthermore, since the 
game music only played on the title screen, could be switched off and had no bearing on 
training or enjoyment of the overall game, this was not considered problematic  
To satisy 
aim N = 13
Emoticons 
%
Cartoon 
Characters 
%
Real Human 
Characters %
No preference 
shown %
8 85 7 0
My child appeared to prefer working with;
Did your child show any stimuli 
preference?
7/9
To 
satisfy 
aim
Yes % No % Not sure %
Problem 
identified?
3 Did you like the game music? 77 8 15 No
3/6/7 Did you like the story? 92 8 No
6 Was "emotiquest" fun to play? 92 8 No
7
Did you like the colours used on the 
game screens? 92 8 No
7
Did you like the way you were told you 
had answered a question correctly or 
incorrectly? 92 8 No
7
Were the faces on the screen big 
enough to see? 100 No
7
Were the words on the screen big 
enough to see? 100 No
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Table 21: Child Questionnaire Responses (%) (Face type preferences) (N = 13) 
 
Face type preference: As expected, table 21 reveals that only 8% of children selected one of 
the human faces from the visual array as indicative as one of their favourite faces from the 
game. 92% of children selected only synthetic faces (emoticon, CGC or a combination of both).  
When indicating which faces they disliked in the game, the opposite trend was seen with 69% 
choosing human faces only (no synthetic faces were chosen by this cohort as being disliked). 
Although 23% of children selected both human and emoticon faces as being disliked and 8% of 
children choosing faces from each face type class, on further investigation, no more than one 
synthetic face was disliked by the children. 
Thematic analysis of Question 2 (Why did you like these characters the best?): The main 
theme identified from the children’s responses when referring to their synthetic face choices 
was “love”. This word was repeatedly used by the children. Three subthemes were identified 
from this main theme; “funny”, “friendly” and “cute”. One child commented that the CGC faces 
were “safe”. 
Thematic analysis of Question 3 (Why did you not like these characters?): Only those 
children who selected all human faces provided comments. The main theme identified was 
“eyes” with three of the children commenting that the eyes were frightening. “Gender” was also 
identified as a main theme relating to children’s dislike of human faces with one child circling all 
of the female faces and stating that “ladies are ugly!” whereas another child circled the male 
human faces and commented “they are not nice people”.  
To 
satisfy 
aim
3 faces selected from 
each choice of 18 (6 of 
each face type) Emot 
only %
CGC only 
%
Human 
only %
Emot + 
CGC only 
%
Emot + 
Human 
only %
CGC + 
Human 
only %
All face 
types 
selected 
%
7/9
Which faces did you like 
best? 31 23 0 38 0 0 8
7/9
Were there any faces you 
didn’t like? 0 0 69 0 23 0 8
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Table 22: Child Questionnaire Responses (%) (Stage preference) (N = 13) 
 
Stage preference:  As can be seen in table 22, the only stage identified as potentially 
problematic in terms of enjoyment was Stage one (Same or Different), yet still attracting an 
agreement rate of 77%. Encouragingly, 92% of children indicated that they enjoyed stages two 
through four and over half of all children enjoyed Stage two (Which face is?) the most. 
To satisfy aim 6/7: Thematic analysis of Question 5 (Why did you like this stage best?): No 
comments were left for this question. 
To satisfy aim 6/7/9: Thematic analysis of Question 6 (What are the best things about 
Emotiquest?):  The first theme identified was “all” with five children indicating that they liked 
everything! The “storyline” was identified as a second theme with four children indicating that 
they enjoyed the storyline and the quest. Six children mentioned that they liked the “fun or 
funny characters” and as such this was also identified as a theme. A subtheme of this was 
“funny voice” of the characters and the narration. The Emotiquest “rocket” was commented on 
by five children as one of the things they liked about the game. 
To satisfy aim 6/7/9: Thematic analysis of Question 7 (What are the worst things about 
Emotiquest?): Seven children indicated that they disliked having to answer incorrectly 
answered questions three times and as such “incorrect answer procedure” was identified as a 
main theme. “Age inappropriate” was also identified as a theme with three children (aged ten 
and eleven) commenting that the game was too childish for them.  A further theme identified 
was “no reward” with six children commenting on the lack of incentives and from this, two 
subthemes, “no prizes” and “no score” were defined as factors that reduced enjoyment and 
motivation. Another theme identified was “lack of dynamic games”. All the Emotiquest 
prototype games were designed solely to deliver theory driven training strategies and 
To satisfy 
aim Which games did you like? Yes % No % Not Sure %
Same or different 77 15 8
Which face is 92 8 0
Odd emotion out 92 8 0
How am I feeling 92 8 0
Which game did you like best?
Same or different % Which face is % Odd emotion out % How am I feeling %
15 55 15 15
6
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encourage the children to spend time appraising the faces they are training with. However, the 
lack of fast, dynamic and time limited games was noted by five of the participating children.   
To satisfy aim 7: Thematic analysis of Question 8 (requiring the children to draw how they 
would like each of the game screens and progress screen to look): Only a few children 
completed this question, however, the drawings were unclear and unanalysable in all instances 
except one. One child provided detailed drawings for each of the screens, however, these 
mirrored the Emotiquest screens exactly and the child had simply copied the example screen. 
To satisfy aim 8: Thematic analysis of Question 9 (child booklet) and final question of 
parental booklet (both sections requesting that children/parents think of emotion eliciting 
situations specific to them/their child): The child and parental responses to this question 
were combined and analysed together. Common situations/things for each emotion were 
grouped together into themes and are as follows: 
Happy themes: Family, making friends, getting their own way, favourite sports team, favourite 
film/movie. 
Sad themes: No one to play with, someone hurting their feelings, hurting themselves, getting 
beat at a game/sport, getting shouted at. 
Anger themes: Not being understood, someone not sharing with them, changes to routines, 
failure. 
Fear themes: The dark, ghosts, getting lost, loud noises, nightmares. 
Surprise themes: Being made to jump, finding something lost, winning a prize 
Disgust themes: Bodily fluids, dog faeces, disliked foods, passing wind, spitting  
9.4. Discussion 
Following analysis of each question of the parental and child questionnaires, categorical and 
textual data were combined in order to ensure the aims of the usability study were met. The 
Emotiquest (prototype) was found to be independently playable by HF ASC children, was 
engaging, motivating and enjoyable. The training materials (tri-stimulus approach) were also 
found to be appropriate and well received. Positive responses and themes were predominant in 
the dataset, however, a number of negative response and themes emerged indicating that 
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some modifications and additions were necessary in order to improve the game play experience 
for this population of end users. Modifications were made as outlined below and the final 
version of Emotiquest resulted (see Chapter Eight). 
9.4.1. Aim 1: Ensure game runs smoothly (no programming glitches) 
Parental emails suggested that in all instances the game ran smoothly without programming 
glitches. No further work was deemed necessary with regards to the internal workings of the 
program.  
9.4.2. Aim 2: Ensure the game records game play data correctly. 
The in-game data capture facility was found to be adequate for its purpose. The date and time 
the game was accessed and the games completed were recorded correctly. No further work 
was deemed necessary with regards to the internal workings of the program. 
9.4.3. Aim 3: Ensure the child understands the story and overall aim of the game. 
As discussed in Chapter Five, a coherent storyline which provides structure and contextualises 
the to be learnt material, is a core feature of serious games (Baranowski et al., 2008) and is 
found to enhance intrinsic motivation (Garris et al., 2002). A structured storyline may be even 
more important to ASC children since ASC individuals have a preference for structure (Ploog, 
2010).  The Emotiquest storyline centred around emotions and therefore ensured the story 
(rescuing emotion characters) was congruent with the learning objective (to improve facial 
emotion recognition). The storyline also accommodated the inclusion of incremental goals (the 
completion of each stage resulted in an emotion character being rescued) and an end goal 
(completion of the game results in all emotion characters being rescued). This core feature of 
serious games is also found to enhance motivation and promote an eagerness in the end 
user/player to continue playing to the end (Garris et al., 2002). 
However, in order for a storyline to be successful, it must be understood. The end user must 
understand what the incremental and end goals are and how they can be achieved. Results 
from the parental questionnaires demonstrated that the children understood the story, the goals 
and how each goal could be reached.  Although not all children listened to the story narration in 
its entirety, potentially limiting their understanding at the start of the game, the progress screen, 
which clearly illustrated the steps (stars) to be taken to reach imprisoned emotion characters 
(planets) was found to be effective in communicating the story to all children. When providing 
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comments on the progress screen, all parents remarked that the storyline was understood by 
their children, engaged them and motivated them to continue playing. The stars in particular 
were found to facilitate understanding of the structure of the game. Child feedback was also 
positive with the majority (92%) of children indicating that they enjoyed the story. Furthermore, 
when asked what they liked best about the game, the storyline was found to be a common 
theme amongst the children. Therefore, it appears that the visual elements of the progress 
screen were sufficient to communicate the aim, goals and structure of the game. It was 
concluded therefore that although children in the subsequent evaluation study, like some of the 
children in the usability study, may choose not to listen to the narrated storyline, this would not 
result in an attenuated understanding of the story. The Emotiquest storyline and the way in 
which it is communicated was therefore found to be understood, enjoyable, engaging and 
motivating and no further work on this element was considered necessary. 
9.4.4. Aim 4: Ensure the child understands how to play each and every game in the 
intervention. 
The training strategies embedded within each game and stage of Emotiquest could only be 
successful if children were able to play all of the games unsupervised. Both parental and child 
feedback strongly suggested that the children were able to play every game included in the 
Emotiquest prototype independently.  The instruction screens, which explained in written, 
illustrative and oral form how to play each of the games were found to be successful in their 
aim. All parents indicated that their children found the instruction screens clear and that these 
screens led to their child understanding how to play the subsequent game.  This finding was 
further substantiated by parents who indicated that their children understood immediately (or 
very quickly) how to play each stage when it was presented to them. It was concluded therefore 
that the games in the Emotiquest prototype were appropriate for by HF ASC children aged 
between six and eleven and no further development of these games was deemed necessary.  
9.4.5. Aim 5: Ensure the child can navigate and control the game. 
Emotiquest was designed to be playable by ASC children unaided. By removing the 
requirement for the child to engage with a teacher, peer or care giver in order to play, the ASC 
child can focus on the training program without their experience being potentially negatively 
affected by the anxiety that often accompanies social interaction (Myers & Johnson, 2007). This 
automation would also make Emotiquest (if successful in remediating FER deficits) an 
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appealing intervention option for teachers, parents and clinicians since training could be 
delivered without their time and continual support. The usability study confirmed that HF ASC 
children aged between six and eleven could navigate and control the game independently.  
However, a number of problems were identified which required further consideration. Some 
children were found to misunderstand the purpose of the instruction screen and attempted to 
play it rather than be guided by it. Whilst at face value, this issue does not appear critically 
important, this could lead to frustration in the child and may negatively affect their experience of 
their game. In the prototype version of Emotiquest, a “Next” button appeared at the bottom of 
the screen which took the child to the game screen. Modifications were therefore made to the 
instruction screens to improve clarity and the “Next” button was replaced with a “Play” button 
accompanied by a sound clip “Let’s play!” when they hovered over the button.   
Results also suggested that a small number of children may not have understood that they 
could replay previously unlocked games from the menu screen, that they could access the 
instruction screen from the game screen at any time and that they could revisit the progress 
screen whenever they chose. However, on further analysis of the parental comments, it became 
clear that parents could not demonstrate that their children understood how to do this simply 
because their child did not attempt to do so. It makes sense that a child who understands how 
to play a game would not choose to re-access an instruction screen. It is also possible that the 
children noted not to access the progress screen or menu screen, simply chose not to do so. 
Visiting the progress screen may have felt unnecessary since the game presents this screen to 
them regularly (upon completion of every game). The children may not have chosen to visit the 
menu screen simply because they were focussed on moving towards their goal rather than 
replaying games that would take them no further forward. Therefore, the only modification 
deemed necessary in order to further facilitate independent navigation of the game was to 
replace the “Instructions” button which appeared at the top of each game screen, with a large 
question mark, which is a standard icon associated with accessing help.  
9.4.6. Aim 6: Ensure the child is engaged with and enjoys the game. 
The results from the usability study showed that Emotiquest was enjoyed immensely by HF 
ASC children. Both parents and the children themselves indicated that the story, games and 
dramatic features of the game (rocket, stars, voices, character faces) collectively provided an 
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engaging and fun learning environment. Children were motivated to play (evidenced by all but 
one child completing the game within the specified period and by responses to both closed and 
open questions). Every child was found to enjoy all four stages of the game and for stages two, 
three and four, every single game was noted as being enjoyable. For stage one, all children 
aged six to nine specified that they enjoyed every single game, however, a few of the older 
children (aged ten and eleven) did not enjoy the three initial games in the stage as they found 
them unchallenging. Despite this finding, no modifications were deemed necessary given the 
heterogeneity within this population and the need to accommodate the needs and initial skill 
levels of younger or less able children. Furthermore, the early games were considered a critical 
first step to learning and remained unchanged since an established key feature of successful 
interventions is to gradually increase the complexity of challenges, beginning with simpler 
activities to lay the foundations for later more complex challenges (Shernoff et al., 2003). Since 
the latter games of this stage and all subsequent games (twenty-one of the twenty-four games) 
were enjoyed by all children, regardless of age, it was concluded that the main games within 
Emotiquest would be enjoyed by the target end user. This conclusion was corroborated by the 
themes that emerged from the analysis of textual comments provided by both parents and the 
children themselves. “Fun” was a theme that emerged for all of the first three stages. Nearly all 
the children indicated that they liked the story and that the game overall was fun to play. 
Furthermore, when asked what they liked most about the game, more than a third of 
participating children said they enjoyed everything!  
The training materials themselves (the cartoon characters - faces and voices) were not only 
found to be accepted by the children and thereby removed a potential barrier to engagement 
and learning but also contributed to the children’s enjoyment of the game with nearly half of the 
children reporting that the characters were one of the best things about the game. 
However, a few modifications were deemed necessary to enhance game play enjoyment 
further. More than half of the children were frustrated at having to answer incorrectly answered 
questions three times. It was therefore decided that, in order to reduce frustration, incorrectly 
answered questions would only be required to be answered twice in order to ensure learning 
had been achieved.  
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Two other issues that arose from the questionnaires was the absence of fast, dynamic games 
and a lack of incentives such as a reward system (points or prizes). These two identified issues 
led to the development of the bonus games (see Chapter Eight) which not only provided time 
limited games but also attracted bonus points (scoring system) which could be used to buy new 
Emotiquest rockets (prize). The children clearly demonstrated that the Emotiquest rocket (which 
transported them from star to star in order to reach each planet and which chartered their 
progress within each game), was one of the best things about Emotiquest. Therefore, the final 
game would capitalise on this highly positive feature and would allow them to choose from a 
selection of different rockets subject to accruing a certain number of bonus points by playing 
bonus games. The bonus games would offer time-based challenges and were designed to be 
coherent with the theme of the game (emotions) and drew on the skills acquired in the main 
training games.  Therefore, not only were these time-limited games included in order to motivate 
the child to continue playing and to inject further fun into game play, they also allowed the child 
more opportunities to practice their acquired skills and spend more time appraising emotive 
faces.  
9.4.7. Aim 7: Gain feedback on aspects of the game; stimulus parameters (colour/sounds/size 
on screen/ stimuli/interface/language/instructions) to ensure all elements are appropriate and 
optimal for the intended audience/end users. 
The children responded well to the colours used, the sounds and voices, the stimuli (training 
materials), instructions and buttons. Both text and faces were large enough to see clearly. The 
only identified problem was that not all text was accompanied by a verbalised sound clip. 
Therefore, modifications were made to ensure every piece of text that appeared on the screen 
was accompanied by a sound clip. No further modifications were deemed necessary.  
9.4.8. Aim 8: Gain feedback regarding ASC (and parents of) situations which elicit each 
emotion. 
One section of the parental and child questionnaires was dedicated to obtaining information 
about emotion eliciting situations specific to each child. This aim was included in the usability 
study to ensure that the examples used when introducing each emotion in the final version of 
Emotiquest (the next emotion character to be rescued) would be appropriate to ASC children. 
However, since feedback suggested that the examples already included in the prototype version 
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were suitable and appropriate for the usability study participants, this section was only 
eyeballed by the researcher and no further analysis was conducted.  
9.4.9. Aim 9: Ensure child responds well to synthetic faces 
As discussed in Chapter Six, motivation to attend to training faces is critically important in FER 
interventions aimed at ASC children. Although research has shown that there is a possible 
social and aesthetic preference for synthetic characters by ASC children (Grelotti et al., 2005; 
Rosset et al., 2008; van der Geest et al., 2002b), a literature search identified no studies that 
had compared the favourability of synthetic over human face stimuli in an FER training context. 
The usability study presented here allowed children to play games with all three classes of face 
stimuli (emoticon, CGC and human photographs) and was therefore able to directly address this 
question. Although the rationale for including synthetic faces in FER training is strong (see 
Chapter Six), it was important to assess whether ASC children would attend to synthetic faces 
and enjoy doing so. The usability study found that, as expected, ASC children demonstrated an 
overwhelming (93%) preference for the two classes of synthetic stimuli (especially the CGC 
faces) when compared to human faces. When asked why they liked the cartoon faces, the 
words love, funny, friendly and cute were commonly used. Not only did this finding provide 
justification (from a motivational and aesthetic preference standpoint) for including synthetic 
characters in FER training programs for ASC children, but it also provided evidence that the 
cartoon faces that feature in the BARTA database and the Emotiquest intervention are well liked 
by ASC children. Although only 7% of ASC children stated that they preferred the human faces, 
the children opting for the cartoon faces played all games (including those that required them to 
work with human face stimuli). This was also the case for the child mentioned in Chapter Six 
who was initially reluctant to participate in the usability study because he was particularly averse 
to looking at faces. Despite his overwhelming aversion to human faces, and in particular the eye 
region, feedback from this child and his parent was particularly encouraging. He finished the 
game in eight days, repeatedly played unlocked games once he had finished and was no longer 
required to do so (as evidenced by the in-game data), stated that he loved everything about the 
game, was motivated throughout and particularly liked the CGC character faces. When 
providing reasons for his cartoon preference, he used the words “love” and “safe”. The 
Emotiquest prototype provided this child with a favourable and safe learning environment in 
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which he was able to appraise and work with faces (including human faces) for the very first 
time.  Emotiquest therefore removed a barrier to FER training, for this child at least.  
The results of the usability study were exciting in that, evidence was obtained which suggested 
that synthetic faces would be well liked and attended to in a training context. Emotiquest 
therefore was found to exploit the social preferences of ASC children by including synthetic 
faces to communicate facial expressions of emotion, which led to increased motivation to train 
and greater exposure to and appraisal of example of facial expressions of emotion.  
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CHAPTER TEN 
STUDY THREE 
Development and validation of measures of Facial Emotion Recognition (FER) ability 
10.1. Introduction 
Since the final intervention evaluation study would adopt a pre-post design, suitable measures 
(tests) of FER ability were required to reveal the participant’s FER ability with the three classes 
of stimuli prior to and post intervention in order to measure gains. In order to assess whether 
participants had improved their recognition of the emotive faces they had trained with, within-
game faces were required in the FER measures. Furthermore, in order to assess whether 
participants were able to generalise their learning to novel faces, the pre-post FER measures 
also needed to incorporate similar (emoticon, CGC and human), but novel (faces not used 
within the game) facial stimuli.  Since the training faces were produced for the purpose of 
Emotiquest, the development and validation of new pre and post measures were also required. 
Two instruments (BARTA emotion recognition measures, test one and test two) designed to 
measure FER ability were developed and evaluated by ASC and non-ASC children for the 
following qualities: 
• Sensitivity to discriminate ASC and non-ASC groups of children.  
• Both instruments/tests (test one and test two) are similar in difficulty level.   
BARTA test one (local) assesses the ability to recognise emotions communicated by familiar (in-
game) faces and BARTA test two (distant) assesses the ability to recognise emotions from 
unfamiliar faces. Tests require participants to assign one of six emotion labels to thirty-six 
photographs of faces (faces include both genders and all six basic emotions at high and low 
intensities). 
This chapter describes the creation and validation of the BARTA FER tests (local and distant) 
which were used as FER measures in the Emotiquest evaluation study.  
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10.2. The BARTA Facial Emotion Recognition (FER) tests 
The BARTA FER tests are multiple choice labelling tests designed by the researcher which use 
stimuli (emoticon, CGC and photographs of human faces) featured in the serious game 
Emotiquest (local test) and novel faces which do not appear in Emotiquest (distant 
generalisation test). The distant test was designed to measure the ability of participants to 
generalise their acquired knowledge to novel stimuli.    
Each BARTA measure (local and distant), presents participants with 68 colour images of facial 
expressions of emotion. Each measure is divided into three parts; emoticon, CGC and human. 
For each section, users are presented with a question face and six possible emotion labels. The 
order the emotion labels were presented in (from top to bottom) was randomised for each 
question. For the CGC and human sections, four examples of each of the six basic emotions 
are included, three of which were judged by the researcher as representing more subtle 
manifestations of an emotional expression (subtle questions) and three of which were deemed 
to be more prototypical expressions (prototypical questions).   This resulted in twenty four 
questions for the human section and twenty four questions for the CGC section of the test. For 
the emoticon section, disgust is not featured and therefore twenty questions are included (five 
emotions x four representations). Disgust is an emotion that cannot be successfully 
communicated facially without a nose (the nasal-labial muscles are lifted). Emoticon characters 
do not, routinely, have this facial feature and cannot display the characteristic wrinkles and skin 
folds that are produced as a result of the drawing up of these specific face muscles (Bartneck, 
2001). As such, the BARTA battery (Lawrence & Abdel Nabi, 2013) does not include validated 
images of disgust portrayed by emoticon characters. All facial images are taken from the 
BARTA database (Lawrence & Abdel Nabi, 2013), a collection of over 450 digital colour images 
of validated emotional expressions. Images included in test one (local) were selected on the 
basis that they were included in Emotiquest. Images included in test two (distant) were selected 
on the basis that they had received similar (and high) inter-rater consensus during the BARTA 
battery validation study to the images that featured in test one.  
10.3. Hypotheses 
The BARTA FER tests were tested with ASC child participants and matched controls from the 
general population. The ASC group were hypothesised to perform significantly worse overall 
than the control group. Despite the body of research suggesting a potential synthetic face 
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advantage in ASC (in terms of normalising neural activation patterns, perceptual strategies and 
face processing behaviours), to date, no study has directly compared the synthetic FER abilities 
of ASC and non-ASC. Therefore, although the current study aimed to address the research 
question of whether impaired FER abilities in ASC was also apparent when decoding emotion 
from synthetic faces, this question was exploratory in nature and as such, attracted no formal 
hypothesis.  
It was however hypothesised that all children (ASC and non-ASC) would recognise emotions 
portrayed by emoticon faces best, followed by CGC faces and finally, that human faces would 
attract the poorest recognition scores. This prediction was based on the tenets of the peak shift 
effect (Ramachandran & Hirstein, 1999) which would suggest that the greater the isolation and 
augmentation of the distinguishing features of each emotional expression, the better the 
recognition of the expression. Since emoticon faces consist of relatively few facial features and 
therefore minimise potential distractibility and facilitate focus on those features that convey the 
greatest amount of emotional information, emoticon faces were hypothesised to attract the best 
recognition scores for all children, regardless of diagnosis. CGC emotive faces were 
hypothesised to be recognised less well than emoticon faces since they have more distracting 
features, however, since they are still a stimulus class which offer relatively low variability and 
distractibility, they were predicted to be recognised better than human emotive faces.  
Finally, since the images used as questions for test one (local) and test two (distant) received 
similar rates of inter-rater consensus during BARTA image validation (Lawrence & Abdel Nabi, 
2013), it was predicted that scores achieved on both tests would be comparable, indicative of a 
similar difficulty level.  
10.4. Method 
10.4.1. Participants 
The research was approved by the University of Bolton Ethics Committee. All parents of 
participating children provided written informed consent and confirmed that their children 
understood the aims of the study and were happy to take part. The ASC group comprised 13 
children, aged between 6 and 11 (mean age = 7.85, Std. Dev = 1.68). All participating ASC 
children attended a mainstream primary school and had received a formal diagnosis of ASC 
using established criteria (APA, 1994). Participants’ ASC diagnosis was confirmed using the 
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Children’s Autism Spectrum Test (CAST) (Scott et al., 2002) and scores fell between the range 
of 19 and 28 (mean CAST score = 22.9, Std. Dev = 3.4). IQ scores were not available, however, 
however, all children had obtained a reading age (or age-equivalent score) within the normal 
range for their chronological age on standardised school administered reading tests within the 
previous academic term (SSRT: McCarty & Lallaway, 2012). The reading age of participating 
ASC children fell in the range of 6 and 11 (mean reading age 7.92, Std. Dev = 1.50). ASC 
children were recruited from a mainstream primary school in Bolton, Greater Manchester. The 
head teacher of the primary school was initially approached by email informing him of the study. 
All participants were English speaking, were untrained in formal techniques for the decoding of 
facial expressions of emotion and had normal or corrected to normal vision.  All participating 
children satisfied inclusion criteria as assessed by a screening questionnaire (see section 
9.2.3). The control group comprised thirteen children matched on chronological and reading 
age. Control group children were recruited from a local primary school. A screening 
questionnaire ensured they had no psychiatric diagnoses or special educational needs, did not 
have any family members diagnosed with ASC and, in order to further exclude ASC, all control 
children scored below the cut-off point of fifteen on the CAST. Demographic data is presented 
below in Table 23. As shown in Table 23, t-tests confirmed there were no significant differences 
between the chronological and reading age of the ASC and non-ASC groups at the p < .05 
level. A t-test demonstrated that the CAST scores of the ASC group were significantly higher 
than those of the control group (t  = 18.4, df = 24, p <.001, one-tailed). 
Table 23: Demographical Data of Participants 
 
10.4.2. Instruments 
The CAST, a thirty-seven item parental questionnaire designed to screen school-age children 
(between four and eleven) for ASC (Scott et al., 2002) was administered to all participating 
children. CAST scores range from 0 to 31, with higher scores reflecting more severe autistic 
features. The CAST has a cut-off score of fifteen (over fifteen indicative of ASC) and is found to 
Group (N=26) Mean (Std. Dev) 
Chronological age
Mean (Std. Dev) 
Reading Age
Mean (Std. Dev) 
CAST score
ASC (n=13) 7.85 (1.68) 7.92 (1.50) 22.85 (3.39)
Non-ASC (n=13) 7.15 (1.44) 7.46 (1.61) 4.15 (1.41)
t p>.05 p>.05 p<.001
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effectively discriminate between ASC and non-ASC children with sensitivity of 100%, specificity 
of 97% and test-retest reliability of 0.83 (Baron-Cohen et al., 2009). A screening questionnaire 
(see Appendix 6) was completed by parents of participating children to ensure they were within 
the age group required (five to eleven), had received (or not received in the case of control 
group children) a formal diagnosis of ASC, were of normal intellectual functioning (their reading 
age was at or above their chronological age) and that they had normal vision. Finally, the two 
paper and pen versions of the BARTA FER tests (test one and test two) were administered to 
participating children. The test consisted of two booklets (test one and test two) which were the 
same in format and length but contained different character faces.  
10.4.3. Procedure 
All participants were tested individually in a quiet room within their school under the supervision 
of the researcher. The researcher read the instructions, explained what the child needed to do 
and checked their reading and understanding of every emotion label prior to them commencing 
the test. Every child demonstrated that they were able to read all emotion labels and provided 
descriptions or examples (i.e. I am happy when I watch my favourite TV programme; I am afraid 
when I wake in the night and it is dark) that the researcher subjectively believed demonstrated 
an adequate understanding of each emotion. There was no time limit to answer each question, 
however, the child was instructed to answer all questions in one session. Short breaks were 
allowed if needed.  Completion of the test took between ten and thirty minutes, including breaks. 
Administration order of the two versions of the tests (test one and test two) was randomised to 
counter practice or fatigue effects.   
10.5. Results 
All test scores, overall and by test sub section, achieved by the ASC and non-ASC group were 
compared to investigate whether there were any performance differences between the groups 
on the two versions of the BARTA FER tests. Results are presented in Table 24 below.  
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Table 24: Scores achieved on test one (local) and test two (distant) by group 
 
A 2*2 mixed analysis of variance showed that the main effect of test version on overall scores 
was not significant, F(1,24) =.414, p =.526 and group by test version on overall scores was also 
non-significant, F(1,24) =.07, p =.793 indicating that the test versions were of similar difficulty for 
both groups. As expected, the main effect of group however was significant, F(1,24) = 33.2, p 
<.001, ηp2 = .58, one-tailed, with the ASC children achieving significantly lower scores than the 
non-ASC children.  
 
A 2*2 mixed analysis of variance showed that the main effect of test version on the percentage 
of correct answers to the emoticon subsections was also not significant, F(1,24) = 1.66, p =.21 
and group by test version was also non-significant, F(1,24) = 1.2, p =.28 indicating that the 
emoticon sub sections of both test versions were of similar difficulty for both groups. There was 
however a main effect of group, F(1, 24) = 13.2, p < .001, ηp2 = .58, two-tailed, with the ASC 
children scoring significantly poorer on the emoticon subsections in comparison to the control 
group.  
 
Non-
ASC 
(n=13)
ASC          
(n = 13)
Non-
ASC 
(n=13)
ASC          
(n = 13)
Non-
ASC 
(n=13)
ASC          
(n = 13)
Non-
ASC 
(n=13)
ASC          
(n = 13)
BARTA 
Fer Test 
1 (local)
56.85 
(4.18)
50.15 
(2.38)
85.77 
(8.13)
80 
(7.91)
82.69 
(7.19)
74.04 
(7.25)
81.73 
(9.25)
69.56 
(8.23)
BARTA 
FER Test 
2 
(distant)
57.77 
(4.13)
50.54 
(4.96)
90.77 
(5.72)
80.38 
(9.00)
84.62 
(6.45)
72.44 
(9.09)
80.77 
(10.70)
71.80 
(9.49)
Overall Mean (STD. 
Dev) Score (N = 26)
Mean % (STD. 
Dev) correct 
answers for the 
emoticon sub 
section (N = 26)
Mean % (STD. Dev) 
correct answers 
for the CGC sub 
section (N = 26)
Mean % (STD. Dev) 
correct answers for 
the human sub 
section (N = 26)
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The same analysis was conducted on the data for the CGC subsection of the BARTA FER 
tests. Results showed no main effect of test version on the percentage of correct answers 
achieved, F(1, 24) = .005, p = .942 and again group by test version was non-significant, F(1, 24) 
= .664, p = .423. As with the emoticon subsection, there was a main effect of group, with ASC 
children scoring significantly lower than the non-ASC children on the CGC sub section, F(1, 24) 
= 26.5, p < .001, ηp2 = .524, two-tailed. Finally, results from the human sub section were 
analysed. A 2*2 mixed analysis of variance demonstrated no main effect of test version, F(1, 
24) = .079, p = .781 and no significant group by test version interaction, F(1, 24) = .492, p = .49. 
As expected, there was a main effect of group with ASC children scoring significantly lower on 
the human sub sections of the tests relative to controls, F(1, 24) = 13.1, p < .001, ηp2 = .353, 
one-tailed.  
 
A further analysis investigated the effect of test sub section (emoticon vs. CGC. vs. human) on 
performance in both groups. Overall scores were computed (test one + test two) for each 
participant and once again, subsection scores were converted into percentages of correct 
answers achieved. A 2*3 (participant group [ASC and non-ASC] * test subsection (emoticon, 
CGC, human) mixed analysis of variance found that there was a significant main effect of sub 
section, F(2, 48) = 17.2, p < .001, ηp2 = .417, one-tailed, with emotions recognised best in the 
emoticon condition, followed by the CGC sub section and finally the human sub section. There 
was however no sub section by group interaction, F(2, 48) = .447, p = .642 indicating that the 
pattern of performance was comparable in both groups. As predicted, there was a main effect of 
group with ASC children achieving significantly lower accuracy rates relative to controls F(1, 24) 
= 30.6, p < .001, ηp2 =.56, one-tailed.  
 
A final analysis investigated sub section accuracy differences in the ASC group only. Results 
are shown in Table 25 below. 
Table 25: Scores achieved on each subsection by the ASC group only 
 
Test subsection        
(test 1 + test 2)
Mean percentage (Std. Dev) of correct answers 
(N = 13)
Emoticon 80.19 (5.35)
CGC 73.24 (5.82)
Human 70.77 (6.69)
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A one-way within-subjects ANOVA revealed that there was a significant effect of test sub-
section on recognition accuracy, F(2, 24) = 10.1, p <.001, partial ηp2 = .457, two tailed. 
For these data there was a significant linear trend, F(1, 12) = 13.3, p = .003, partial ηp2 = .53, 
over the mean values for each face type. ASC children recognised more emotions 
communicated by emoticon faces; for the CGC faces slightly less accuracy was observed and 
recognition accuracy for the human faces was poorest. Comparisons using Bonferroni 
corrections revealed that there was a significant difference in accuracy between the emoticon 
and CGC subsections, t(12) = 3.6, p = .004. There was however no significant accuracy 
differences between the CGC and human face sub sections, t(12) = 1.3, p = .228.  
 
10.6. Discussion 
The BARTA FER test validation study found that, as expected, the two versions of the test (test 
one and test two) were of equal difficulty. Furthermore, the sub sections of each test version 
(emoticon, CGC and human) were also of comparable difficulty. As such, the tests were 
deemed suitable for use as FER pre-intervention and post-intervention ability measures in the 
evaluation of Emotiquest. Since test one (compiled to assess local generalisation) and test two 
(compiled to assess distant generalisation) were found to be comparable, any differences in 
scores achieved by children at time two (post-intervention) would be due to experience with the 
faces during training and not due to faces in one test being more difficult to decode than faces 
in the other.  
 
As predicted, the BARTA FER tests highlighted that, as would be suggested by the peak shift 
effect (Ramachandran & Hirstein, 1999), the greater the isolation and augmentation of the 
distinguishing features of each emotional expression exemplar, the better the recognition of the 
expression. All children, regardless of diagnosis (ASC or non-ASC) recognised emotions most 
accurately when they were portrayed by simplistic emoticon faces, followed by CGC faces and 
then finally by human faces. The manipulation of the complexity of the face (in terms of number 
of facial features and distracting elements of the face) led to these differential accuracy rates 
across both groups. 
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The BARTA FER tests were also found to be sensitive enough to discriminate ASC and non-
ASC groups of children. As predicted, the ASC group performed significantly worse on the FER 
measures relative to controls and this was found to be the case for the overall score achieved 
and for each of the sub section of the tests. This finding supports the assertion that basic FER 
abilities in ASC children are disturbed relative to typically developing children of comparable 
chronological and reading age. Furthermore, given the relative simplicity of the study task 
(multiple choice labelling, no time restraints, includes simplistic and complex faces), this study 
provides strong evidence that ASC children are indeed impaired relative to controls even when 
task demands are minimal. ASC children were significantly less accurate at recognising basic 
facial expressions of emotion when they were communicated by emoticon, CGC and human 
faces. The ASC synthetic face-advantage is still very much speculative and the current study 
adds to the body of knowledge by demonstrating that despite synthetic faces having a remedial 
effect on the neural activation patterns, perceptual strategies and face processing behaviours of 
ASC children, the impaired ability of some ASC children to recognise facially expressed emotion 
carries over to synthetic faces also. However, the current study also demonstrates that, 
although impaired relative to non-ASC children of the same age (chronological and reading 
age), HF ASC children are better at decoding emotion from simplistic synthetic faces than 
human faces. Furthermore, the less complex the emotive synthetic face (e.g. emoticon), the 
easier they are to read by all children (HF ASC and their non ASC counterparts).  In addition to 
simplistic faces minimising distractions and focussing children on facial features that provide the 
best source of emotional information, it could be argued that for ASC children, the augmentation 
and isolation of defining characteristics of emotional expressions offered by emoticon faces 
would also allow them to capitalise on their WCC and systemising cognitive style by employing 
a rule-based tick list strategy to process emotional expressions (Rutherford & McIntosh, 2007). 
Since this process is facilitated when the defining features of emotion exemplars are amplified, 
as is the case in the communication of emotions by emoticon faces, this explains why 
recognition accuracy of emotions from the emoticon sub section of the FER tests were 
significantly higher than accuracy in the CGC and human subsections. This finding provides 
further justification for including emoticon characters in the early stages of FER training. Not 
only do they focus the ASC child on the defining characteristics of each emotion exemplar, they 
also present an easier task for the child since the findings from this study suggest that ASC 
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children are better able to recognise emotions when portrayed by this face type. This finding is 
not surprising given the results of the usability study, which found that some of the older 
children in the cohort found the first few games of the first stage unchallenging. Since flow 
theory proposes that engagement, focus and enjoyment is optimal when the ability level of the 
learner matches the current set of challenges (Shernoff et al., 2003), the inclusion of emoticons 
would allow the child to achieve success at the very start of training (and at the start of every 
new task type) whilst learning the similarities and differences between emotion exemplars. It is 
suggested here that this would provide them with motivation to continue playing and should 
provide them with the basic knowledge and skills upon which to further build their FER skills 
with more complex faces.  
 
CGC faces were also recognised slightly better than human faces, although this difference did 
not achieve significance. By increasing the complexity (adding distracting features) of the face, 
as is the case for the more realistic CGC faces, accuracy levels dropped significantly. This 
finding is exciting in the context of FER training strategies as it suggests that CGC faces can 
offer the ASC child a more challenging task (almost comparable to FER tasks involving human 
faces) but using stimuli that are preferred by ASC children (Miyahara et al., 2007; also see 
findings from Chapter Nine). Since one of the main objectives of the Emotiquest intervention is 
to remove a potential barrier to FER learning, the aversion some children have for human faces 
(Attwood, 1993; Blair, 1999; Gernsbacher & Frymiare, 2005;), by teaching emotions using less 
aversive CGC faces, the child will be presented with a task almost as challenging as human 
faces present but which they will be more receptive to. Furthermore, given the recent finding 
that the large eyes of cartoon characters increase the salience of both these faces and facial 
features and as a result, cues the ASC child to attend more to the eye region of cartoon faces 
(Sevlever, 2014), CGC faces, whilst being almost as challenging as human faces, provide an 
excellent canvas on which to present and teach emotional expressions. Presenting the to-be-
learned facial expressions on challenging yet preferred faces, which also promote focus on 
critical facial areas allows us to exploit the social preferences of ASC, thus encouraging intrinsic 
motivation and greater exposure to emotive faces during training.  
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In addition to answering the research questions addressed by this study, the validated BARTA 
tests also offer academics and clinicians a new resource for assessing FER in clinical and non-
clinical populations. Furthermore, the unique features of this FER test (the inclusion of synthetic 
and human face images) will enable researchers to further our current understanding of the 
potential synthetic face advantage in ASC. This study marked the first attempt to do so by 
investigating whether the impaired ability of some ASC children recognise expressed emotion 
by human faces  is carried over to classes of synthetic faces also. This was found to be the 
case. However, future studies using the BARTA FER tests could assess whether the impaired 
ability to recognise basic emotions is limited to certain emotions (i.e. negative valence 
emotions) as has been found to be the case in previous studies (e.g. Ashwin et al., 2006) and 
whether this applies to cartoon faces of varying complexity. Unfortunately, this analysis was 
beyond the scope of the current thesis. Although the current study analysed performance 
disparities between different face types (synthetic vs. human), it did not analyse differential FER 
abilities for each emotion (happy, sad, anger etc.) either across the entire battery, by subsection 
(face type) or by group (ASC vs. Non ASC).  The results of the current study therefore are 
limited in that performance differences between subsections and group could potentially be due 
to difficulties or enhanced performance with one (or more) particular emotional expression(s). 
Future research could assess whether certain emotions lead to enhanced or inferior BARTA 
FER test performance and whether this is the case for all face types or whether faces of varying 
complexities influence this effect.   
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CHAPTER ELEVEN 
STUDY FOUR 
Emotiquest evaluation study 
11.1. Introduction 
Deficits in the recognition and understanding of both simple and complex emotions from facial 
expressions have been argued to contribute significantly to the severe social impairments 
experienced by children with ASC (Golan and Baron-Cohen, 2006, Howlin, 1997) and the 
profound consequences of these socio-emotional impairments have led researchers to invest 
significant time gaining a greater understanding of this deficit in order to develop effective 
therapeutic tools and training strategies. Multi-media computer programs (Baron-Cohen et al., 
2004; Bolte et al., 2002; Silver & Oakes, 2001) have been identified as particularly effective in 
ASC intervention delivery since ASC individuals have a need for the sameness and 
predictability that this form of training offers (Baron-Cohen, 2008).   Furthermore, carefully 
designed computer programs allow the ASC individual to train at their own pace independent of 
a human assistant (teacher/parent/peer/support worker) and therefore computer delivered 
interventions remove a potential distractor to learning; the anxiety many ASC individuals feel 
when they are in situations requiring social interaction (Myers & Johnson, 2007).  However, it is 
not enough to consider only the delivery method of training. To be successful, computer 
programs must engage and motivate the ASC learner to continue training (Moore & Calvert, 
2000). Serious games, computer game-based initiatives that have a serious (learning) agenda 
rather than a pure entertainment goal (Michael & Chen, 2006), cleverly combine game design 
with learning and motivational theories and in doing so, have been found to not only enhance 
motivation in learners but also facilitate generalisation of learning from game play to novel 
everyday settings (Kato et al; 2008). This is a particularly exciting finding since one of the 
biggest obstacles that face ASC researchers is developing ASC interventions that enable 
learners to transfer their newly acquired skills and knowledge to everyday contexts. For 
example, whilst a number of computer delivered interventions developed in order to enhance 
FER competencies in ASC individuals (Baron-Cohen et al., 2004, Golan et al., 2010; Silver & 
Oakes, 2001) saw enhanced abilities in the recognition of facially expressed emotion from 
training stimuli following intervention, there was no evidence that ASC learners were 
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subsequently able to transfer their acquired skills to novel faces or real life situations. Despite 
the evidence for the facilitation of generalisation of learning coming from the serious game 
literature, there has been only one empirically evaluated serious game designed for FER 
remediation in ASC; JDTP (Beaumont & Sofronoff, 2008b). Gains were found in a number of 
targeted areas following training (namely, emotion regulation and social interaction) and there 
was, as was expected, evidence of generalisation of learning to new contexts. However, no 
gains were found for FER. The evaluation study highlighted that serious games can effectively 
remediate socio-emotional deficiencies in ASC and encourage generalisation of learning. The 
lack of FER ability enhancement following training however also highlighted the importance of 
considering the training strategies embedded within the serious game if targeted learning is to 
take place. Serious games offer a new suitable vessel for training delivery, but they are not 
sufficient.  For future FER interventions to benefit from the affordances of serious game delivery 
(e.g. motivation, engagement, generalisation of learning), the embedded strategies need to be 
guided by ASC theory and take account of the differential way ASC individuals view and 
process their world and learn.   
Developing theory derived FER remediation strategies (by considering and capitalising on the 
preferences, perceptual strategies and spared or superior abilities in ASC) and combining these 
with serious game design principles, could potentially be the best recipe for a successful ASC 
FER remediation tool.    
The primary aim of the current research project therefore was to design, develop and evaluate 
Emotiquest, a serious game incorporating discrimination training strategies and a combination 
of synthetic and human face training stimuli, to remediate FER deficiencies in primary school 
aged high functioning ASC children (see Chapter Eight for full description of Emotiquest). 
Emotiquest is the first ASC FER intervention to systematically capitalise on ASC children’s 
propensity for visual discrimination. In much the same way as the DVD animation series 
Transporters (Golan et al; 2009) was designed to capitalise on the hyper-systemising cognitive 
style of ASC individuals, Emotiquest takes this a step further and was tailored to suit the visual 
perceptual superiorities of those with ASC.  Since ASC individuals have been found to be 
hyper-discriminators (Plaisted et al; 1998 a,b), all training games throughout Emotiquest are 
discrimination based, allowing the ASC child to use their superior perceptual abilities to study 
the differences and commonalities between facial expressions of emotion in order to learn them. 
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It is argued here that by choosing strategies that are particularly appropriate for ASC children, 
Emotiquest provides optimal conditions for learning to take place. Given that discrimination 
training has previously been found to be an effective method of FER training in non-ASC clinical 
populations (Frommann, Streit & Wolwer, 2003; Grinspan, Hemphill & Nowicki, 2003) and a 
body of evidence suggests that discrimination training aids memory for presented stimuli 
(Markman & Gentner, 1997; Oakes, Kovack-Lesh & Horst, 2009), discrimination training 
strategies appear to be an ideal way to enhance FER in ASC. 
In addition to incorporating ASC tailored training strategies, Emotiquest also considers the 
qualities of the training stimuli. Research suggests that teaching ASC children to recognise 
facial expression of emotion using only human faces (which has, to date, primarily been the 
case) may not be the most efficient strategy for two main reasons.  The first relates to a 
reluctance of some ASC children to look at human face stimuli at all (Silva et al, 2015; Smith, 
2009). As previously discussed, in order for any training program to be successful, learners 
must engage with the training materials (Moore & Calvert, 2000) and this is often overlooked by 
researchers developing interventions for FER remediation in ASC.  There are many ASC 
children who are human face averse, with anecdotal reports suggesting that some children find 
looking at human faces distressing (Landsman, 2003), painful (Gernsbacher & Frymiare, 2005) 
and overwhelming (Decety & Lamm, 2006). Distress resulting from looking at emotive human 
faces has also been empirically observed (Attwood, 1993; Blair, 1999) with children reported as 
having shielded their eyes to avoid further viewing of the stimuli. It is clear therefore that 
regardless of how well an intervention is designed and delivered, if the training stimuli 
incorporated in the intervention sparks distress and avoidance behaviours in the end user (in 
this case, ASC children), there will be no engagement and learning will be unsuccessful. It 
follows therefore that future interventions should remove this potential barrier to engagement by 
incorporating training stimuli that does not cause distress and is welcomed rather than rejected.  
In addition to the issue of reluctance to engage with human face training stimuli, ASC research 
has also reliably demonstrated that even when ASC individuals do visually attend to human 
faces, perceptual and neural processes in response to this stimuli type are atypical and less 
effective. To effectively process highly variable and complex facial stimuli, people attend to 
critical facial regions which provide the most amount of affective information (i.e. the eye region) 
(Spezio et al., 2007) and process faces configurally, allowing them to appreciate the spatial 
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relationships between features which provides information critical to the recognition of emotional 
displays of affect (Diamond & Carey, 1986; Gauthier & Tarr, 2002). In ASC however, there is a 
tendency for human faces to be scanned atypically (Boraston & Blakemore, 2007) and 
processed as though they were objects (which does not attract configural processing) (Schultz 
et al; 2000).  
Emotiquest was designed to provide training materials that would be accepted by ASC children 
rather than rejected whilst at the same time providing training materials that would be more 
efficiently processed. To accomplish this, Emotiquest includes cartoon faces alongside 
photographs of human faces. There is emerging evidence for social attentional preferences for 
cartoon faces in ASC. For example, Miyahara et al. (2007) found that ASC children spend long 
amounts of time watching cartoons and argue that this could be due to cartoon characters 
removing the anxiety inducing social demands associated with human interaction. Evidence for 
a cartoon preference also comes from ASC intervention literature. Beaumont and Sofrnoff 
(2008), Golan et al. (2009, 2010), Hopkins et al. (2011), and Young and Posselt (2012), all 
found that interventions which included synthetic characters were responded to well by ASC 
children and argue that this very feature of training may have led to greater engagement and 
performance gains. More recently, the Emotiquest usability study (see Chapter Nine) found that 
ASC children demonstrated an overwhelming preference for cartoon faces over photographs of 
human faces when they played an abbreviated prototype of the serious game, with more than 
half of the children stating that the cartoon faces were one of the best things about the playing 
the game.  
Whilst human faces appear to be attended to and processed atypically and ineffectively by ASC 
individuals, a body of research suggests that cartoon faces attract typical attentional 
preferences and processing. Grelotti et al. (2005) found that the impaired categorisation ability 
(lack of individual level categorisation) and atypical neural activity (attenuated activity in the 
fusiform face area (FFA) reflecting non-expert processing) of an autistic boy viewing images of 
human faces were normalised when the boy viewed a favourite cartoon character face, 
indicating that the boy was processing the cartoon face in the same way as a non-ASC 
individual would process a human face. Furthermore, a study by Rosset et al. (2008) also found 
that the atypical and less effective elemental processing strategy adopted by ASC children 
when they processed human faces (reflective of non-expert processing) was normalised when 
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ASC children viewed cartoon faces in a configural manner (indicative of expert processing).  
Since the adoption of feature-based, elemental processing when viewing human faces is 
believed by some (Teunisse & de Gelder, 2001) to underlie FER difficulties in ASC, due to a 
lack of appreciation of spatial relationships between features which allow for fine discriminations 
to be made, the finding that cartoon faces are processed in a typical and effective manner 
suggests that they may be an excellent starting point for the learning of facial affect.  
Cartoon faces therefore appear to be classed as “special” stimuli in ASC in much the same way 
as human faces are classed as special for non-ASC individuals. In addition to normalised FFA 
activity in response to cartoon faces (see above), Grelotti et al. (2005) also observed that the 
child’s amygdala activity, which is reflective of salience of stimuli (Adolphs & Spezio, 2006), 
whilst disturbed when viewing human faces, was engaged whilst viewing a cartoon face, 
indicating that this class of face stimuli attracted a high reward value for the child and as such 
was attended to preferentially. The argument for increased social salience of cartoon faces is 
strengthened further by a study that found that whereas human faces are not preferentially 
attended to in ASC (Klin et al; 2002), ASC children demonstrated typical gaze activity for 
cartoon faces over and above non-social objects in a visual array.  Normalised social orienting 
to cartoon faces in ASC was also observed in an approach-avoidance study using photographs 
of human and cartoon faces (Silva et al; 2015) which demonstrated  increased motivation to 
attend to emotive cartoon faces and a reluctance to view human emotive faces.  
Taken together, the body of research detailed above suggests a synthetic face advantage in 
ASC. Whereas human faces do not appear to offer a reward value to ASC children and 
therefore are not preferentially attended to, cartoon faces do. Whereas human faces appear to 
attract a non-expert, feature based processing style, which does not lend itself to the 
identification of emotions from complex face stimuli, cartoon faces attract a configural 
processing style which is beneficial for face processing tasks such as FER.  It seems logical 
therefore that cartoon faces, which naturally attract attention and are processed efficiently and 
typically could provide an ideal first step upon which to build FER skills and therefore should be 
carefully integrated into FER interventions.  
In addition to removing a barrier to learning and facilitating learning by offering a face stimulus 
that is positively responded to and processed in a typical and more effective way in ASC, 
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cartoon faces also offer a simplistic canvas which promotes focus on critical face regions 
required for effective FER such as the eyes (Sevlever, 2014). Furthermore, cartoon character 
faces typically present with exaggerated facial features, which, according to the peak shift effect 
(Ramachandran & Hirstein, 1999) attracts more vigorous responding and results in greater 
recognisability (Calder et al., 1996ab). This is because the augmentation of distinguishing 
features of the face and/or facial expressions of emotion, results in a greater contrast between 
the face/expression and alternative faces/expressions and therefore facilitates identification and 
recognisability (George & Mcllhagga, 2000). 
Emotiquest is therefore the first FER serious game for ASC children designed to remove the 
potential barrier to learning that human faces pose to some ASC children both in terms of 
considering the reluctance to work with human faces and the disturbed, atypical processing of 
human faces. Emotiquest achieves this by including cartoon training faces (in early stages of 
training) alongside human training faces (introduced only after learning has been demonstrated 
with cartoon stimuli).  As discussed in Chapter Six, Emotiquest adopts a unique tri-stimulus 
approach to training by systematically incorporating three face types (highly simplistic synthetic 
face (emoticon) -> slightly more realistic synthetic face (computer generated cartoon) -> and 
finally still photographs of human faces). 
Emotiquest is unique in combining and applying the tenets of the enhanced discrimination 
theory (Plaisted, 2001) (in terms of considering the differential way ASC individuals perceive 
differences and similarities so that impaired categorisation processes are facilitated), the E/S 
theory (in terms of ensuring the intervention is structured in a way that appeals to the ASC 
systemising cognitive style), memory enhancing techniques documented in cognitive 
psychology literature (Markman and Gentner, 1997), (to account for ASC impaired memory for 
facial stimuli) and the social and perceptual affordances of synthetic characters (to promote 
focus on critical face regions, to increase the chance of face stimuli being processed effectively 
during training, to reduce a potential barrier to learning that human face stimuli has been found 
to pose to some ASC children and to encourage motivation) (see Chapter Six for a detailed 
explanation of the rationale for the incorporated training strategies). All of these elements were, 
for the first time, integrated and delivered via a serious game, which has been shown in other 
disciplines to be particularly beneficial for addressing motivation and generalisation issues. The 
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intervention evaluation study aimed to highlight whether these strategies can, collectively, 
improve FER in ASC. 
The aim of this study was to evaluate the effectiveness of “Emotiquest” in order to determine 1), 
whether the systematic implementation of the training strategies incorporated can improve 
subsequent recognition of basic emotion exemplars used in the game and 2) to determine 
whether these strategies can facilitate generalisation of newly acquired FER skills to novel 
(unfamiliar) faces.  
This study investigated the effect of using the intervention by comparing the facial emotion 
recognition scores of a group of ASC children who played the game with a group of ASC 
children who did not play the game. Two levels of generalisation were assessed; local (i.e., the 
score achieved when identifying emotions in faces used as training materials in the game) and 
distant (the score achieved when assigning correct emotion labels to novel (non-game) faces). 
It was predicted: 
11.2. Hypotheses 
Hypothesis 1: Children in the two ASC groups (the group who would receive the intervention 
and an ASC control group who would not play the game) would attain lower scores on baseline 
(pre-intervention) facial emotion recognition tests (local and distant tests) compared to a 
typically developing (non-ASC) group. 
Hypothesis 2: The ASC intervention group would attain higher facial emotion recognition 
scores following the intervention on faces featured in the game (local test) than the ASC control 
group, demonstrating that Emotiquest is effective in improving FER abilities for faces they have 
trained with. 
Hypothesis 3: The ASC intervention group would attain higher facial emotion recognition 
scores following the intervention on novel faces (distant test) than the ASC control group, 
demonstrating that Emotiquest is effective in teaching FER skills that can be applied to novel 
faces. 
Hypothesis 4: The ASC intervention group would attain higher facial emotion recognition 
scores for human faces following the intervention on faces featured in the game (local test) than 
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the ASC control group, demonstrating that Emotiquest is effective in improving FER abilities for 
human faces they have trained with.  
Hypothesis 5: The ASC intervention group would attain higher facial emotion recognition 
scores for novel human faces following the intervention (distant test) than the ASC control 
group, demonstrating that Emotiquest is effective in teaching FER abilities that can be applied 
to novel human faces.  
11.3. Methods 
11.3.1. Design  
The intervention evaluation study adopted a 2*2 mixed factorial pre-post design.  Two groups, 
an ASC intervention group (AS/I) and an ASC control group (AS/C) (to control for improvement 
simply due to the passage of time) were assessed twice on facial emotion recognition ability 
using two versions of the BARTA FER tests (local test and distant test – see Appendix three), at 
time one (pre-intervention) and at time two, three months later (post-intervention).  Three 
months was chosen as an appropriate time between testing to allow all participants in the 
intervention group to complete the training program. This was guided by the results of the 
usability study when children completed an abbreviated version of the game (see Chapter 
Nine). A third group, typical control (T/C) was tested at time one only to obtain a baseline 
measure to ensure the ASC groups involved in the study presented with FER deficits relative to 
what would be typically expected for children of comparative chronological and reading age. 
Testing of the control group at time two was deemed unnecessary since scores achieved by this 
group at time one were already approaching ceiling levels. This was in line with similar ASC pre-
post intervention evaluation studies utilising a typical control group at time one only (Golan & 
Baron Cohen, 2006).  
11.3.2. Instruments 
The dependent variables were scores and difference scores (time two minus time one) obtained 
from two new measures of basic FER ability; the local and distant BARTA FER measures (see 
Chapter Ten). The BARTA FER measures are multiple choice labelling tests designed by the 
researcher, which use stimuli (emoticon, CGC and photographs of human faces) featured in the 
intervention (local test) and novel faces which do not appear in the intervention (distant 
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generalisation test). The distant test was designed to measure the ability of participants to 
generalise their acquired knowledge to novel stimuli.    
Each BARTA FER measure (local and distant), presents participants with 68 colour images of 
facial expressions of emotion. Each measure is divided into three parts; emoticon, CGC and 
human. For each section, users are presented with a question face and six possible emotion 
labels. For the CGC and human sections, four examples of each of the six basic emotions are 
included (twenty-four questions in total), whereas for the emoticon section, disgust is not 
featured and therefore twenty questions are included. All facial images are taken from the 
BARTA (Lawrence & Abdel Nabi, 2013) (see Chapter Seven), a collection of over 450 digital 
colour images of validated emotional expressions.  
A screening questionnaire (see Appendix 8) was completed by parents of participating children 
to ensure they were within the age group required (five to eleven), had received a formal 
diagnosis of ASC, were of normal intellectual functioning (their reading age was at or above 
their chronological age), had experience of using a personal computer and mouse (or 
mousepad) and that they had normal vision. The screening questionnaire also included the 
Children’s Autism Spectrum Test (CAST) (Scott et al., 2002) to confirm ASC diagnosis in the 
ASC group and rule out ASC in the typically developing control group.  
Finally, each child in the intervention group was provided with a copy of the Emotiquest serious 
game on a USB (see Chapter Eight). Parents of participating intervention group children were 
also provided with an instruction booklet (see Appendix 7). Emotiquest had the ability to record 
some in-game data and this allowed the researcher, on a weekly basis, to monitor each child’s 
compliance with the game. 
11.3.3. Participants 
Three groups; an ASC intervention group (AS/I) (n = 9), an ASC control group (AS/C) (n = 5), 
and a typically developing control group (T/C) (n = 14) participated. Participants in the two 
clinical groups had been diagnosed with ASC using established criteria (APA 1994).  They were 
recruited by placing an advert in the National Autistic Society magazine “Communication” and 
on the National Autistic Society website. All the children attended mainstream primary schools. 
Participants were matched for chronological age, reading age and CAST scores, and were 
randomly assigned into two groups: 
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1. ASC intervention group (AS/I)  
The parents or teachers of nine participants (all male) were given Emotiquest and a digitalised 
information booklet on a USB. Five children completed the study during school time, under the 
supervision of their teacher whilst four children completed the study at home. Children were 
asked to play sessions of the game at least three times per week for at least twenty minutes per 
session. They were informed that there was no set time in which to complete the game to 
ensure participants did not rush through the study or feel forced to play when they were not 
receptive. The supervising teachers or parent was asked not to directly help participants answer 
any of the game questions but to assist navigating the game if necessary. The supervisors were 
also encouraged to engage in discussions with the child during the emotion description phase of 
the game. The child was allowed to play as much as they wanted and could revisit completed 
games as many times as they wished. Intervention group participants had experience of using 
computers and had previously played computer games. Children were only invited to participate 
in the study if they had not participated in any intervention (except for the standard school 
curriculum) during the past six months or for the duration of the study. IQ scores were not 
available, however, all children had obtained a reading age (or age-equivalent score) within the 
normal range for their chronological age on standardised school administered reading tests 
within the previous academic term and had no learning difficulties. Participants’ ASC diagnosis 
was confirmed using the Children’s Autism Spectrum Test (CAST) (Scott et al; 2002). All 
children in the AS(I) group scored above the cut off-point of fifteen.  
2. ASC control group (AS/C)  
Five participants (all male) were assessed at recruitment using the CAST to confirm their 
diagnosis. All of them scored above the cut-off point of fifteen. All control group participants 
agreed not to participate in any emotion recognition training or any other interventions except 
for their standard school curriculum during the duration of the study. IQ scores were not 
available, however, all children had obtained a reading age (or age-equivalent score) within the 
normal range for their chronological age on standardised school administered reading tests 
within the previous academic term and had no learning difficulties. In order to minimise 
motivational bias differences between the intervention and control group, the study design used 
a partial blinding technique whereby child participants were not made fully aware of the study 
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hypotheses or the data analysis procedures. This method has been found to help eliminate 
motivational bias, such as participants in a control (wait-list) group responding with less effort to 
post intervention testing than an intervention group (Schulz et al.; 2002).  Blinding is difficult to 
achieve in nonpharmacological treatment trials (such as behavioural intervention evaluation 
studies) and therefore more ‘creative’ methods are necessary to effectively limit confounding 
variables between groups such as motivation bias (Boutron et al.; 2007). Although the 
information sheet provided to parents during the recruitment phase included full details of the 
study aims and procedures for both the intervention and control (wait-list) group, only the 
procedural details (what the control group children were required to do) were relayed to the 
participating children (in both groups). In this respect, both groups of children should have had 
the same level of motivation to perform well on the BARTA FER tests post intervention as the 
element of competition (between groups) would have been eliminated. Since the wait-list group 
were assessed twice and were not aware of the intervention group’s existence or the purpose of 
the study, it is plausible that they would have assumed they were being assessed for FER 
improvements over a three-month period and therefore, should have had the same motivation 
to perform well at time two as the intervention group children.   
3. Typical control group (T/C) 
Sixteen participants (all male) were recruited for this group by directly canvassing schools in the 
local area. All participants were from the same primary school and took part in the study on the 
same day. They were screened for ASC using the CAST. Two participants scored above the 
cut-off for ASC and therefore their data was not used in the current study. In addition, 
participants’ parents and teachers confirmed they had no history of learning difficulties, 
neurological, or psychiatric disorders, and that no family members were diagnosed with ASC. 
The groups’ demographic data in shown below in Table 26. 
Table 26: Means (standard devs.) and ranges of age and CAST scores for the AS/I, AS/C and 
T/C group. 
 
Participant Type Mean (STD. Dev) 
chronological 
age
Mean (STD. Dev) 
reading age 
score
Mean (STD. Dev) 
CAST score
AS/C (n = 5) 8.80 (.837) 7.86 (1.748) 20.80 (3.633)
AS/I (n=9) 8.22 (1.641) 8.22 (2.28) 23.00 (4.123)
T/C (n=14) 8.14 (1.791) 7.56 (2.186) 6.64 (5.956)
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No significant differences were found between the groups for chronological age, F (2, 25) = 
.311, p = .736 or reading age, F(2, 25) = .174, p = .841. A one-way analysis of variance 
(ANOVA) of CAST scores was however significant, F (2, 25) = 32.9, p <.001, ηp2 = .725. 
Employing the Bonferroni post-hoc test, significant differences were found between the CAST 
scores of the AS/C and T/C groups (p <.001) and between the AS/I and T/C groups (p <.001). 
There was no significant difference between the CAST scores of the AS/C and AS/I groups 
(p=1). As expected, the typically developing group had significantly lower CAST scores than 
both the ASC groups, whose scores were comparable. 
11.3.4. Procedure 
Teachers of children in all groups were sent the two versions (test one and test two) of the 
BARTA FER tests by post along with an information sheet advising them of how to administer 
the tests. Teachers were asked to administer the tests within seven days and return them to the 
researcher in return envelopes. Teachers were advised that their child had no time restraints 
and that they could be completed over numerous sessions. Teachers received instructions 
regarding the order the tests should be completed in (test one and test two) and the order was 
counterbalanced. They were made aware that it was critical that the child answered all 
questions in the test booklets independently with no help, suggestions or changes in tone of 
voice that may encourage them to answer in a certain way. All teachers also received a 
telephone call from the researcher prior to administering the tests and received these 
instructions verbally in order to ensure this instruction was understood.  
Once all completed test booklets were returned, the researcher sent parents of the AS/I group 
the Emotiquest game on a USB along with a parental manual. The user manual provided full 
details of what to do including opening the game, trouble shooting and emailing the researcher 
the game data. Teachers of participating AS/I group children also received verbal (telephone) 
and written (user manual) instructions on how to supervise training sessions during school 
hours. 
AS/I group children played the Emotiquest game a minimum of two-three times per week either 
during the school day (under the supervision of a teacher/teaching assistant) or at home (with 
parental supervision if necessary). Parents and teachers were asked to try and ensure training 
sessions lasted a minimum of twenty minutes to ensure the entire training program was 
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delivered within the twelve-week trial period. Parents and teachers were asked not to help 
children answer any game questions but could assist with navigation if necessary. Supervising 
adults were asked to only provide input during the emotion comprehension screens in order to 
encourage the child to discuss scenarios for each of the basic emotions featured in the game. 
Parents were asked to email the game data files to the researcher on a weekly basis in order 
that the researcher was aware of the child’s progress. It was made clear that only the 
participating child could play the game and that it should not be accessed by any other 
individual (friends/siblings etc.) Training finished once the game had been completed or after a 
twelve-week period, whichever came first. As soon as parents emailed their child’s final game 
data files (either once the child had completed the game or the twelve- week period had 
passed), the researcher sent the post-intervention BARTA FER test booklets (test one and test 
two) to teachers to administer for a second time to the children under the same conditions as 
were imposed during pre-intervention administration. Again, order of completion was 
counterbalanced. At the end of the twelve-week trial period, all AS/C group children also 
received their post-intervention booklets. The same instructions provided for completion of the 
pre-intervention test booklets were included and reiterated both verbally and in writing. Test 
booklets were sent back to the researcher in return envelopes. In accordance with the Data 
Protection Act and the University of Bolton’s policy on Data Protection, all information provided 
by participants was treated confidentially.  Confidentiality, privacy and anonymity was ensured 
in the collection, storage and reporting of research material. Data obtained from children was 
not identifiable.  Anonymity codes were used in all instances to refer to each child.  Data 
generated in the course of the research (and subsequently) was kept securely in electronic form 
(password protected) for a period of five years after the completion of the study.  
11.4. Results 
Performance on the two BARTA FER tests was assessed in all groups at time one (pre-
intervention) and the results are shown below in Table 27. 
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Table 27: Means (standard deviations) of FER time one pre-intervention test scores for test one 
(local) and test two (distant) for all groups 
 
The scores achieved on test one and test two were highly similar for all groups, indicative of 
comparable test version difficulty levels. Children in the T/C group scored higher on both test 
versions compared to the ASC groups. Although the AS/C group achieved higher scores 
compared to the AS/I group, this difference was very small.  
Dependent variables (FER scores for test one (local) and test two (distant)) were first analysed 
for normality and outliers. No outliers were identified in any group, as assessed by inspection of 
a boxplot for values greater than 1.5 box-lengths from the edge of the box. FER scores on test 
one and test two were normally distributed for both groups.  The assumption of normality for test 
one and test two scores was satisfied for both test versions, as assessed by Shapiro-Wilk's 
tests for test one (p = .330) and for test two (p = .056). Homogeneity of variances was 
confirmed, as assessed by Levene's test of homogeneity of variance for test one (p = .190) and 
test two (p = .086). There was also homogeneity of covariance, as assessed by Box's test of 
equality of covariance matrices (p = .239). Since distributions of all scores were normal, 
parametric analysis was used. 
Using a 2*3 mixed analysis of variance, differences in scores achieved at time one on the two 
test versions of the BARTA (test one - local vs. test two - distant) was found to be non-
significant, F(1,25) = 1.8, p = .196, indicating that the test versions were of similar difficulty at 
time one for all groups. The test version by group interaction was also found to be non-
significant, F(2,25) = 1.5, p = .251, indicating that the patterns of scores achieved on both test 
versions were similar for all groups (test two scores were slightly higher than test one scores for 
all groups). The main effect of group however was significant and the effect size was large, 
F(2,25) = 20.1, p < .001, ηp2 = .616. Post-hoc Tukey-Kramer tests indicated that the T/C group 
scored significantly higher on the FER tests than both the AS/C group (p = .002) and the AS/I 
Participant Type (N=28)
Mean (Std. Dev) Test 
Score (test 1 - local)
Mean (Std. Dev) Test 
Score (test 2 - 
distant)
AS/I (n=9) 47.56 (5.90) 49.67 (6.67)
AS/C (n=5) 50.80 (5.45) 51.00 (4.23)
T/C (n=14) 60.21 (3.85) 60.29 (3.15)
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group (p < .001). There were no significant differences in FER scores between the two ASC 
groups (p = .646).  
Participants in the ASC groups (AS/I and AS/C) were tested again at Time two (post 
intervention) on both versions of the FER test and the results are shown below in Table 28. 
Table 28: Means (standard deviations) of time two post-intervention test scores for test one 
(local) and test two (distant) for the ASC groups 
 
The scores achieved on test one and test two were again, as at time one, highly similar for both 
groups, indicative of comparable test version difficulty levels.  
Whereas at time one the AS/C group achieved slightly higher scores compared to the AS/I 
group on both tests (although the difference did not reach significance), at time two the opposite 
trend was observed with the intervention group children achieving far higher scores on both test 
versions relative to controls.  
Dependent variables (FER scores for test one (local) and test two (distant)) were first analysed 
for normality and outliers. No outliers were identified in either group, as assessed by inspection 
of a boxplot for values greater than 1.5 box-lengths from the edge of the box. FER scores on 
test one and test two were normally distributed for both groups.  The assumption of normality for 
test one and test two scores at time two was satisfied for all groups, as assessed by Shapiro-
Wilk's tests (p >.05). Homogeneity of variances was confirmed, as assessed by Levene's test of 
homogeneity of variance (p > .05). There was also homogeneity of covariance’s, as assessed 
by Box's test of equality of covariance matrices (p = .081). Since distributions of all scores were 
normal, parametric analysis was used. 
A 2*2 mixed ANOVA revealed that at time two, there were a significant main effect of test 
version, F(1,12) = 9.3, p = .010, ηp2 = .436 indicating that test one attracted higher scores than 
test two. The test version by group interaction was also found to significant, F(1,12) = 6.5, p = 
.026, ηp2 = .351 indicating that the patterns of scores achieved on both test versions were 
different for each group. As expected, the main effect of group was significant and the effect 
Participant Type (N=14)
Mean (Std. Dev) Test 
Score (test 1 - local)
Mean (Std. Dev) Test 
Score (test 2 - distant)
AS/I (n=9) 64.44 (2.70) 62.22 (3.27)
AS/C (n=5) 50.60 (5.64) 50.40 (4.72)
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size was large, F(1,12) = 36.5, p < .001, ηp2 = .753, with the AS/I group achieving significantly 
higher scores on the FER tests at time two than the control group. Independent t-tests (with 
Bonferroni corrections for multiple testing) confirmed that the AS/I group scored significantly 
higher than the AS/C group on both test one (local), t = 6.3, df = 12, p < .001, d = 3.3, and test 
two (distant), t = 5.6, df = 12, p < .001, d = 2.9. Both effect sizes were large. 
Differences in scores achieved at time one (pre-intervention) and time two (post-intervention) on 
the two test versions were assessed in order to ascertain whether the AS/I group had seen 
greater gains than the AS/C group on both their ability to recognise facial expressions of 
emotion from faces they had trained with (test one – local) and novel faces they had not trained 
with (test two – distant). Table 29 presents the means and standard deviations of the FER 
scores for test one (local) at time one and time two for each group and Table 30 presents this 
information for FER scores achieved at time one and time two for test two (distant). 
Table 29: Means and (standard deviations) of Test one (local) scores at time one (pre-
intervention) and time two (post-intervention) for the ASC groups 
 
Table 30: Means and (standard deviations) of Test two (distant) scores at time one (pre-
intervention) and time two (post-intervention) for the ASC groups 
 
Results clearly show that children in the intervention group saw large test score gains on both 
versions of the test following the intervention whereas the control group’s scores remained 
stable over time. For the AS/I group, the greatest gains were achieved on test one which was 
not surprising given that the children had trained with these faces over a period of twelve 
weeks. However, following the intervention, AS/I group children improved their FER ability to 
Participant Type (N=14)
Mean (Std. Dev) for 
FER                        
Mean (Std. Dev) for 
FER                        
Difference 
score
Test Score at Time 1 Test Score at Time 2
(Time 2 minus 
Time 1)
AS/I (n=9) 47.56 (5.90) 64.44 (2.70) +16.88
AS/C (n=5) 50.80 (5.45) 50.60 (5.64) -0.2
Participant Type 
(N=14)
Mean (Std. Dev) 
for FER                        
Mean (Std. Dev) 
for FER                        
Difference 
score
Test Score at Time 
1
Test Score at 
Time 2
(Time 2 minus 
Time 1)
AS/I (n=9) 49.67 (6.67) 62.22 (3.27) +12.55
AS/C (n=5) 51.00 (4.24) 50.40 (4.72) -0.6
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recognise emotion communicated by novel faces they had not trained with, indexed by an 
average 18% improvement.  
Dependent variables (FER scores for test one) were first analysed for normality and outliers. No 
outliers were identified in either group, as assessed by inspection of a boxplot for values greater 
than 1.5 box-lengths from the edge of the box. FER scores on test one were normally 
distributed for both groups.  The assumption of normality for test one at time two was satisfied 
for both groups, as assessed by Shapiro-Wilk's tests (p > .05). Homogeneity of variances was 
confirmed, as assessed by Levene's test of homogeneity of variance, for time one (p = .559) 
and time two (p = .289). There was also homogeneity of covariance’s, as assessed by Box's 
test of equality of covariance matrices (p = .109 test one, and p =.051 for test two). Since 
distributions of all scores were normal, parametric analysis was used. 
A 2*2 ANOVA was employed to assess the differences in scores achieved on test one (local) 
between time one (pre intervention) and time two (post intervention) for the AS/I and AS/C 
groups and revealed a significant main effect of time, F(1,12) = 41.1, p < .001, ηp2 = .774. The 
time X group interaction was also significant, F(1,12) = 43.0, p < .001, ηp2 = .782, with AS/I 
group scores improving dramatically at time two whereas the AS/C group saw no gains. As 
expected, there was a main effect of group with AS/I group children scoring significantly higher 
than AS/C group children, F(1,12) = 4.8, p = .024, one tailed, ηp2 = .286.  
A 2*2 ANOVA also revealed a main effect of time for test two (distant) scores, F(1,12) = 36.9, p 
< .001, ηp2 = .286. Again the time X group interaction was significant, F(1,12) = 44.7, p < .001, 
ηp2 = .788. As expected, there was a main effect of group with AS/I group children scoring 
significantly higher that the AS/C group children, F(1,12) = 4.0, p = .034, one tailed, ηp2 = .251. 
Analyses were also conducted to ensure improvements in test scores in the AS/I group were 
attributable to all face types (emoticon, CGC and human) and not solely to an enhanced ability 
to recognise emotions from one type of face (i.e. synthetic). Scores on each sub-section of each 
test were computed at time one and time two and are presented in Table 31 below. 
Dependent variables (scores on each sub section for each test) were first analysed for normality 
and outliers. The assumption of normality was violated for test two time two scores in all 
subsections (human, CGC, emoticons) and test one, time two scores in the human and 
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emoticon subsection (p > .05). Since distributions of all scores were non normal, non-parametric 
analysis was employed. 
Table 31: Median and range of test one and test two sub-sections at time one (pre-intervention) 
and time two (post intervention) for the AS/I group (N=9) 
 
As can be seen in Table 31, gains were achieved for the recognition of emotion in every face 
type across both test one and test two. Performance in the human and CGC sub-sections 
reached identical levels in both test versions. When labelling emotions on human and CGC 
faces the children had previously trained with, the median score achieved was only one correct 
answer away from the maximum score possible. Similarly, the emoticon score hit ceiling. For 
test two, children correctly identified twenty-one out of twenty-four emotions communicated by 
novel human and CGC faces and nineteen out of twenty when portrayed by novel emoticon 
faces. 
Wilcoxon signed-rank tests were employed to analyse whether scores had significantly 
improved following intervention in each of the sub-sections of the test. For test one, analyses 
revealed that all nine children elicited an improvement following intervention in scores achieved 
on the human subsection, z = 2.67, p = .007, on the CGC subsection, z = 2.69, p = .008 and on 
the emoticon sub-section, z = 2.69, p = .008. Analyses also determined that there were 
statistically significant median increases for test two scores following intervention compared to 
pre-intervention on the human subsection, z = 2.69, p = .008, the CGC subsection, z = 2.56, p = 
.011 and the emoticon subsection, z = 2.71, p = .007.  
Time 1 Time 2 Time 1 Time 2 Time 1 Time 2
Median Score 15 23 18 23 16 20
Range 10 4 13 2 8 1
Skew (z) -0.972 -1.526 -2.208 0.301 -1.237 -1.195
Kurtosis (z) -0.646 -0.155 1.954 -0.744 0.984 -1.224
Time 1 Time 2 Time 1 Time 2 Time 1 Time 2
Median Score 15 21 19 21 16 19
Range 7 3 6 2 3 2
Skew (z) 0.576 0.801 1.206 0.766 -1.344 0.000
Kurtosis (z) -0.981 -0.785 -0.443 -1.436 0.561 -0.204
Human CGC Emoticon
Test 1 (local)
Human CGC Emoticon
Test 2 (distant)
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Finally, in order to investigate whether there were performance differences between the FER 
sub-sections prior to and following intervention, time one and time two scores for each of the 
sub-sections were converted into percentage of answers correct (to accommodate the uneven 
question numbers in the sub-sections (emoticon maximum score = 20, human and CGC 
maximum scores = 24) and were analysed using the Friedman Test (with post hoc tests). At 
time one (pre-intervention), scores varied significantly across test one sub-sections, χ2(2, N = 9) 
= 12.8, p = .002. Post hoc analysis with Wilcoxon signed-rank tests was conducted with a 
Bonferroni correction applied, resulting in a significance level set at p = 0.017. Pre-intervention, 
the children scored significantly higher on the CGC sub-section than the human subsection, z = 
2.23, p = .013. Performance on the emoticon subsection was also significantly better than the 
human subsection, z = 2.67, p = .004. There were no differences in scores on the two synthetic 
sub-sections however (CGC and emoticon), z = 1.84, p = .033. For test two at time one, similar 
results were yielded. A Friedman test (with post hoc tests) revealed that pre-intervention scores 
varied significantly across sub-sections, χ2(2, N = 9) = 13.6, p < .001. Post hoc analyses with 
Bonferroni corrections revealed that these differences were again due to significantly better 
performance on the CGC sub-test compared to the human sub-section, z = 2.68, p = .004 and 
the better performance on the emoticon subsection compared to scores achieved with human 
faces, z = 2.67, p = .004. Again no performance differences were found between the two 
synthetic subsections of the test, z = .318.  
Following intervention, time two scores showed a different patterns of results. A Friedman test 
(with post hoc tests) revealed differences between the sub-sections on test one, χ2(2, N = 9) = 
15.5, p < .001. Post hoc analyses with Bonferroni corrections revealed that for faces they had 
trained with (test one), post-intervention performance differences were apparent between every 
sub-section. Emoticon performance was best and significantly better than performance with 
CGC faces, z = 2.43, p = .008 and human faces, z = 2.71, p = .004. CGC faces were 
recognised better than human faces, z = 2.23, p = .013. However, for novel faces they had not 
trained with (test two), there were no differences between any of the sub-sections, χ2(2, N = 9) 
= 4.71, p = .095.  
11.5. Discussion 
Despite the profound implications of socio-emotional impairments in ASC (Howlin, 1997; 
Yirmiya et al., 1992) and the known benefits of delivering training to ASC children via computer 
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software (Grynszpan, Martin & Nadel, 2008; Hetzroni & Tannous, 2004; Moore & Calvert, 2000; 
Ploog, 2010; Rayner et al., 2009; Shane & Albert, 2008; Silver & Oakes, 2001), there are 
relatively few computer-based interventions available which aim to address these deficits. For 
those that are available, most have failed to help ASC children take their new facial emotion 
recognition skills to the playground (to generalise their learning to new, real-life contexts) 
(Baron-Cohen et al., 2004; Silver & Oakes, 2001). Given the recent multi-disciplinary findings 
suggesting that delivering training via the medium of a serious game can overcome motivation 
and generalisation of learning barriers (Kato et al., 2008; Klopfer, Osterweil & Salen, 2009; 
Lieberman, 2001; Saperstein & Kurtz, 2013), it is surprising that this medium has not been 
embraced by researchers aiming to teach emotion recognition to ASC children. An evaluation of 
the only serious game incorporating FER training for ASC children, the Junior Detective 
Training Program JDTP (Beaumont & Sofronoff, 2008b), demonstrated that a serious game can 
be effective in enhancing social skills and emotion management, however, its ability to 
remediate emotion recognition deficits was not evidenced. This however could have been due 
to the FER strategies embedded within the game rather than the medium of training delivery. It 
is offered here, that whilst a serious game may be effective for remediating impairments in ASC, 
it is not sufficient and that the training strategies within the game also require consideration.  
The primary aim of the current research therefore was to design, develop and evaluate 
Emotiquest, the first ever serious game incorporating discrimination training strategies and a 
combination of synthetic and human face training stimuli, in order to improve facial emotion 
recognition ability in primary school aged high functioning ASC children.  
In the current experiment, the use of Emotiquest at school and home over a period of twelve 
weeks was compared to no intervention. Results demonstrated that following twelve weeks of 
training with Emotiquest, HF ASC children significantly improved their ability to recognise both 
synthetic and, crucially, human, facially expressed basic emotions relative to their pre-
intervention performance. Furthermore, their FER ability was significantly superior post-
intervention compared to an ASC control group who did not receive training. This was found to 
be the case not only for faces they had trained with (local generalisation) but, more significantly, 
also for novel faces they had not trained with (distant generalisation). Emotiquest was therefore 
found to enhance ASC children’s FER abilities and facilitated transfer of these skills to novel 
human faces (demonstrating generalisation of learning to new contexts). 
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At time one (pre-intervention), results confirmed hypothesis 1, that ASC children were 
significantly impaired in their FER ability relative to non-ASC children matched on chronological 
and reading age, indexed by their significantly poorer performance on the BARTA FER tests. 
This result converges with several studies documenting basic FER deficiencies in ASC children 
(Tantam et al.,1989; Uljarevic & Hamilton, 2013). Despite current controversy surrounding the 
issue of whether FER deficits in ASC are fundamental and universal or are limited to complex, 
negative valence, subtle or briefly presented emotional expressions, the findings of this study 
add support to the assertion of Uljarevic & Hamilton (2013), who, in a recent meta-analysis, 
reported that a general FER deficit exists in ASC and that this is the case for all basic emotions 
(except for happiness) and that impairments are not specific to the assessment task employed, 
to the age of individuals or to intellectual ability. The BARTA FER tests used in the current study 
included only basic emotions, did not impose time limitations (faces were not briefly presented 
and could be appraised at leisure), included both subtle and prototypical exemplars of emotion 
and included less complex cartoon face stimuli (in addition to human faces). Even under these 
facilitated conditions, significant differences between HF ASC and non-ASC performance was 
found. This is an important finding as it highlights that there is a need for FER training programs 
to remediate these deficits in ASC. 
Furthermore, the finding that performance between the two clinical groups at time one was 
comparable, allowed for a robust post-intervention comparison between the intervention and no 
intervention ASC groups at time two. Since the ASC groups were matched on chronological 
age, reading age, CAST scores and emotion recognition ability, confounding variables were 
limited as much as possible so that any differences in performance at time two (following 
intervention), could be taken as evidence of Emotiquest’s efficacy in improving FER.   
Supporting hypothesis 2, whilst the two clinical control groups had demonstrated comparable 
FER ability at time one on test one (faces used in the intervention), children who had trained 
with Emotiquest performed significantly better on the BARTA FER tests at time two (post-
intervention) relative to the ASC control group who had received no training. Whereas children 
in the intervention group increased their score post-intervention by an average of sixteen marks, 
the control group saw no gains at all. This refutes the possibility that the intervention group 
gains could be attributed to the passing of time and naturally occurring socio-emotional 
development over the twelve-week period, or to practice effects. This finding is not surprising 
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given that the intervention group were exposed to and actively engaged in a variety of 
discrimination and labelling tasks with these particular faces multiple times throughout the 
training program. However, given that the ability to generalise from one context to another is 
disturbed in ASC (Plaisted et al., 1998a; Soulieres et al., 2007), this finding provided evidence 
that Emotiquest can facilitate transfer of learning acquired via the computer game to a pen and 
paper testing situation. Furthermore, such was the gain in the intervention group’s overall FER 
performance on test one following training, that their scores not only caught up to the non-ASC 
control group’s time one scores but were actually slightly higher. The ASC intervention group 
were therefore as accurate in recognising emotions from the BARTA FER test one following 
intervention as typically developing children were twelve weeks earlier. However, since these 
faces had been repeatedly presented throughout the training program, it could be argued that 
the ASC intervention group children simply employed their rote memory skills, which would have 
translated into higher post-intervention test scores. If this were the case, we could not assert 
with any confidence that FER skills had improved since higher post-intervention scores might 
simply reflect their ability to memorise each presented face and its corresponding emotion label. 
In addition to the employment of rote memory skills, another potential explanation for 
performance gains on test one during post-intervention assessment is social salience. 
According to the perceptual learning hypothesis (Levin, 1996), familiarity resulting from greater 
frequency of experience with people/faces, leads to those familiar faces becoming more socially 
salient, which results in more expert face processing. Since the faces used to assess FER in 
test one all featured as training faces in Emotiquest and therefore became highly familiar to the 
ASC intervention group children, they may have processed these faces in a more expert and 
effective manner due to their familiarity, which would have made their facial expressions easier 
to decode. Finally, because children in the intervention group had repeatedly worked with test 
one faces over a twelve week period, these faces may have been awarded what is known as in-
group status (people are judged to be members of the child’s own in-group due to the amount of 
time they have spent with them). There is evidence to suggest that faces awarded in-group 
status are afforded more attentional and processing resources and as such are processed in a 
more effective way (Sporer, 2001).  
The superior performance with test one faces can therefore be attributed to a combination of 
factors associated with repetitious experience with these faces. Rote learning and familiarity 
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with faces could not however be used to explain any significant improvements in test 
performance on test two, since the assessment faces incorporated in this test did not feature in 
Emotiquest and were therefore only previously experienced once, during pre-intervention 
assessment.  
However, supporting hypothesis 3 was the finding that the intervention group’s FER 
performance gains were not limited to testing with faces they had trained with but that gains 
also extended to novel emotive faces. This finding is particularly important as it can only reflect 
general FER gains. Whereas at pre-intervention, there was no difference between the two 
clinical groups’ scores on test two (distant), following intervention, children who had trained with 
Emotiquest achieved significantly higher FER scores on test two relative to the control group, 
demonstrating the intervention’s ability to facilitate generalised learning of FER skills acquired 
through training to novel faces. Intervention group children saw their scores increase by twelve 
marks on average between pre and post intervention testing whereas the control group saw no 
gains at all. Since the intervention group had not trained with the faces included in test two, this 
was taken an evidence of Emotiquest’s ability to effectively teach FER in a way that enabled the 
children to apply their skills to decode emotions in new faces. Furthermore, just as the ASC 
intervention groups’ overall performance on test one following Emotiquest training had caught 
up and gone beyond that achieved by the typical control group’s at time one, the same was 
found to be the case for test two scores. The ASC intervention group children achieved, on 
average, slightly higher scores with novel faces than typically developing children did at time 
one, demonstrating that Emotiquest has the ability to improve basic FER in HF ASC children to 
the same, or even higher, levels as typically developing non-ASC children of the same 
chronological and reading age.   
Results also supported hypothesis 4 that Emotiquest training would lead to an enhanced ability 
to recognise emotion portrayed by the human faces the children had trained with. This finding is 
critically important since equipping ASC children with the skills to recognise emotions in 
everyday social situations (portrayed by other human beings and not cartoon characters) is the 
entire objective of the intervention. Prior to Emotiquest training, children in the intervention 
group scored significantly higher on the synthetic sub-sections of test one compared to the 
human sub-section, but there were no performance differences between the two classes of 
synthetic face stimuli. This finding demonstrates that ASC children are more able to decode 
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basic emotion when communicated by synthetic, cartoon faces than they are when those same 
emotions are portrayed by human faces. Training however had an effect on sub-section 
performance. Following intervention, significant performance differences were seen between 
every sub-section of the BARTA FER local test. Human faces still attracted the lowest scores, 
however, there was also evidence of superior performance for the recognition of emotion from 
simplistic emoticon faces compared to the slightly more complex and variable CGC face battery. 
It appears therefore that the less complex the canvas on which the emotion is portrayed on, the 
better the learning (and memory for) that emotive face. However, regardless of the performance 
differences between sub-sections, results confirmed that gains in the intervention group were 
not limited to just one or two face types only (i.e. synthetic). Significant pre-post performance 
gains were evident in the intervention group for each of the sub-sections of the test, including 
FER performance with human faces, demonstrating effective learning with all faces.  
Supporting hypothesis 5 was the finding that, significant performance gains between pre and 
post intervention scores were evident in the intervention group for all sub-sections of test two, 
including FER performance with human faces. Therefore, although two thirds of the Emotiquest 
game used synthetic face stimuli to teach facial emotion exemplars, the intervention was found 
to successfully improve the ability of ASC children to recognise emotion when communicated by 
synthetic and human faces and to transfer this learning to novel faces. Pre-post intervention 
performance differences between the sub-sections of the BARTA FER test two showed a very 
different pattern to those observed for test one. As would be expected, pre intervention scores 
on test two showed the same pattern of results as seen in test one (performance on the 
synthetic sub-sections was significantly better than for the human sub-section and no 
performance differences were observed between the two classes of synthetic face stimuli), 
further corroborating the finding that ASC children are better at recognising emotion portrayed 
by synthetic faces than human faces. However, following training, there were no FER 
performance differences between the test sub-sections. Novel human faces were decoded as 
well as novel CGC and emoticon faces! Emotiquest led to the ASC children “catching up” so 
that their FER skills for human faces were on par with their ability for recognising synthetic 
emotion.  The implications of this are exciting since this study provides evidence that cartoon 
faces (which are accepted rather than rejected by ASC children, enhance motivation, present 
less challenging FER tasks which can prevent less frustration during learning and which are 
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processed in a typical manner), can be effectively used to teach human FER to ASC children 
(with the caveat that some human faces should also be introduced in the training programme). 
Cartoon faces can therefore remove a potential barrier to FER skill acquisition in ASC.   
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CHAPTER TWELVE 
GENERAL DISCUSSION 
 
The primary aim of this applied research project was to develop a serious game, which would 
effectively remediate FER deficits in HF ASC children. There are very few evaluated FER 
computer games currently available to meet the training requirements of ASC children. This gap 
needed to be filled and this was the primary motivation for the current research. According to R. 
Mills, Director of the National Autistic Society, the majority of FER interventions currently 
available are books, DVDs and exercise/workbooks but there is a distinct lack of computerised 
games, despite the benefits this medium of delivery affords to ASC individuals. Mr Mills stressed 
the need for a FER game that could be played independently and which is engaging and fun for 
ASC children (personal communication, 13 November 2013). This is still the case three years 
later. Fuelled by the desire to provide a new, effective resource to fill this gap, the design and 
development of Emotiquest adopted a four pronged, theory-driven attack to give the intervention 
the best possible chance of success. Emotiquest therefore: 
• Incorporated novel training strategies (discrimination) that capitalise on the enhanced 
perceptual abilities of ASC children. 
• Used training stimuli (synthetic) that specifically exploits the autistic child’s aesthetic, 
perceptual and social preferences.  
• Adopted a tri-stimulus (emoticon > cartoon > human) approach to FER training to 
encourage generalisation. 
• Delivered these training strategies via a serious game to further encourage motivation 
and generalisation. 
Emotiquest is the first intervention to attempt to exploit the hyper-discrimination superiorities in 
ASC as a means to remediate FER impairments. Although interventions incorporating 
discrimination training strategies have been found to effectively remediate FER deficits in 
schizophrenic patients (Frommann, Streit & Wolwer, 2003) and non-ASC children with social 
skills deficits (Grinspan, Hemphill & Nowicki, 2003), no FER intervention designed specifically 
for ASC children has adopted these techniques. Since ASC children are argued to have 
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superior discrimination aptitude (but deficient categorisation capabilities), these strategies 
should be an ideal way to teach FER to this population. Furthermore, given that the process of 
comparison has been found to direct attention to commonalities which exist between stimuli 
(rather than differences) (Gentner & Markman, 1995) and that discriminating between stimuli 
results in improved recognition memory (Oakes, Kovack-Lesh & Horst, 2009), it was predicted 
that the discrimination training tasks embedded within Emotiquest would facilitate the 
categorisation of emotion expression exemplars in ASC and lead to enhanced memory 
encoding for the distinct facial musculature universally representative of each basic emotion. 
Improving the memory for the similarities shared between different exemplars of facial 
expression behaviour (i.e. different exemplars of sad), was predicted to facilitate the ability to 
apply that knowledge to novel contexts. 
It was further predicted that, given the recent findings suggesting a potential social and 
aesthetic preference for synthetic characters by ASC children and the findings that synthetic 
faces appear to normalise atypical neural activation patterns, perceptual strategies and face 
processing behaviours  (Grelotti et al., 2005; Rosset et al., 2008, van der Geest et al., 2002b), 
the inclusion of synthetic cartoon faces (the tri-stimulus approach) in Emotiquest would not only 
remove a barrier to engagement and learning but would also exploit the social and perceptual 
affordances of synthetic characters in order to promote focus on critical face regions during the 
early stages of discrimination training.  
Therefore, collectively, it was predicted that by combining and delivering the above strategies 
via a serious game, a medium found to promote motivation and generalisation of learning (Kato 
et al., 2008; Klopfer, Osterweil & Salen, 2009), Emotiquest would engage ASC children, 
motivate them to attend to training materials and complete the training program, enhance their 
FER capabilities for basic, static emotions in human faces and overcome the generalisation 
difficulties characteristic of ASC. 
The results of the evaluation study confirm this prediction. Collectively, these strategies were 
found to enhance basic FER skills in HF ASC children to such an extent that the children were 
able to generalise their learning to novel human faces. However, since the primary focus of the 
study was to produce an effective clinical resource, rather than merely to add to theory, the 
evaluation study design did not allow for elucidation of which factors, or combination of factors, 
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caused the remediation effect. The results of the evaluation study cannot determine whether 
discrimination training, the inclusion of synthetic faces, the adoption of a granular tri-stimulus 
approach or following the principles of serious game, led to improvements in the intervention 
group. What this research does do however is provide a much needed, engaging, fun and 
effective clinical FER tool and a resource, which can promote further research. Future research 
could break the game down into its constituent parts in order to determine the factors 
responsible for the efficacy of the intervention; this was not however the primary aim of this 
applied research project and was therefore not within the scope of this body of research.  
This said, based on previous studies suggesting that discrimination strategies work to enhance 
FER in non-ASC populations (Frommann, Streit & Wolwer, 2003; Grinspan, Hemphill & Nowicki, 
2003), it is highly probable that the discrimination training embedded within Emotiquest played a 
central role in the efficacy of the intervention. With the exception of the labelling tasks in the 
final games of each difficulty level, which were included for practice and skill acquisition testing 
(see 8.3.4. for games 4, 5 and 6 of How am I feeling?), all games within Emotiquest presented 
emotive faces in pairs or arrays in order to enhance the conceptual learning of facial 
expressions of emotion via forced categorisation processes. According to the structural 
alignment approach (Falkenhainer, Forbus & Gentner, 1989), this process of comparison 
(looking back and forth between simultaneously presented stimuli) would have focused attention 
on the similarities and alignable differences between different exemplars of the same facial 
expressions of emotion (i.e. different exemplars of sadness portrayed by two different faces) 
and enabled the non-alignable differences (features that are not related to the common system, 
such as face shape, hair colour etc.) to be excluded from further processing and effectively 
discounted as irrelevant. It is this information (stored representations of common features of a 
conceptual group) that allows people to quickly determine what a new instance of something is; 
if the perceptual commonalities match stored representations of a concept, then the new 
instance is treated as a member of that conceptual group (Soulieres et al., 2007). The benefits 
of discrimination training does not stop there however, since visual memory for commonalities of 
a conceptual group has been found to be enhanced when a stimulus is presented in contrast to 
another (Markman & Gentner, 1993; Oakes, Kovack-Lesh & Horst, 2009), thus further enabling 
acquired emotion specific face behaviours to be transferred to novel faces.  
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Discrimination training could therefore be considered particularly beneficial for ASC children 
who not only demonstrate deficient face memory (Ewing, Pellicano & Rhodes, 2013a) but also a 
perceptual bias to attend to differences rather than similarities between stimuli. This bias has 
been found to compromise their perceptual sensitivity to commonalities, which in turn disrupts 
their categorical learning of facial expressions of emotion and is posited as one reason why they 
struggle to transfer facial affect knowledge from one instance to another; or in other words, why 
they struggle to generalise their learning to new faces. Overcoming atypical and ineffective 
categorical learning is therefore key to overcoming their generalisation difficulties. Soulieres 
(2010) demonstrated that ASC children’s categorical learning difficulties can be overcome 
provided they are exposed to contrasting stimuli for enough time. For this reason, Emotiquest 
was designed to incorporate discrimination training games, which could overcome their 
perceptual bias for differences and present children with adequate categorical learning 
opportunities. Following 8 weeks of discrimination training with Emotiquest, ASC children not 
only significantly improved their FER proficiency for faces they had trained with, but also 
demonstrated that they could apply their acquired FER knowledge to novel faces. Emotiquest 
repeatedly exposed ASC children to contrasting facial expressions during game play and, 
through feedback mechanisms, implicitly and repetitively taught them the rules of facial affect 
category membership, which enabled them to generalise this knowledge to the novel faces 
presented to them during post-intervention testing.  
Discrimination training strategies are therefore posited as a contributing factor to the success of 
Emotiquest. However, as previously mentioned, these strategies can only lead to gains if ASC 
children will engage with them. The tri-stimulus approach to training was therefore believed to 
be a necessary factor to ensure training was delivered effectively.  The results of the usability 
study (see Chapter Nine) provides evidence that the synthetic cartoon characters used in the 
game, removed a barrier to engagement and learning (indexed by all but one child completing 
the game) and were found to significantly contribute to the children’s enjoyment of the 
intervention and motivation to continue playing to the end of the program (which therefore 
ensured sufficient expose to emotional expression exemplars to acquire the rules of facial affect 
category membership).  This was also corroborated by appraisal of the in-game data from the 
evaluation study which revealed that all intervention group children completed the game within 
an average of eight weeks and all children replayed previously completed games on a number 
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of occasions. All replayed games included synthetic rather than human characters. Whereas 
interventions such as the Transporter’s animation series (Golan et al, 2010), which grafted 
human faces onto cartoon vehicles, clearly demonstrate that cartoon characters can be 
successfully recruited to encourage ASC children to engage with FER training programs, 
Emotiquest took this a step further by ensuring that cartoon character faces were also synthetic 
in nature.  In addition to the proposal that the tri-stimulus approach exploited ASC children’s 
social preferences, thereby engaging them during discrimination learning tasks by removing a 
barrier to learning, findings from the ASC synthetic face advantage literature informed the 
incorporation of cartoon faces into Emotiquest and can be used to further explain the 
intervention’s success. Emotiquest presented emotion specific facial behaviour information on 
synthetic cartoon faces in the initial games of each training stage to not only ensure that faces 
were accepted rather than rejected but also to ensure that task demands matched the child’s 
level of competency at each stage of the game, thereby fulfilling the serious game principle 
informed by flow theory (Shernoff et al., 2003). Results from the BARTA FER validation study 
revealed, as expected, that synthetic emotion pose less FER difficulties to ASC children than 
emotion portrayed by human faces (see Chapter Ten) and therefore, easier to decode faces 
were deemed suitable for early stage training.  
The Emotiquest evaluation study did not analyse differential FER abilities for individual 
emotions (happy, sad, anger etc.) either before or after intervention, but rather assessed gains 
by overall FER scores. However, since the emotional expressions of happiness (Rump et al., 
2009) and to a lesser extent surprise (Bal et al., 2010), have been found to be the easiest 
emotions for ASC children to decode and, conversely, negative valence emotions are 
consistently found to be the most problematic in ASC (Rump et al.,  2009), it appears highly 
probable that post-intervention performance gains reflected improvements in the recognition of 
the latter since it could be assumed that easier to recognise emotions would already have been 
approaching ceiling levels of performance pre-intervention. It is reasonable to suggest therefore 
that Emotiquest training successfully improved the recognition of emotions that pose significant 
issues for ASC children and that this generalised to enhanced performance levels for novel 
human faces. This statement is strengthened given that children in the intervention group 
achieved slightly higher FER scores than would be expected from matched typically developing 
children on both the local BARTA FER test (faces they had trained with) and more excitingly, 
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the distant BARTA FER test, indicating generalisable FER skill acquisition following 
intervention. It is offered here that the inclusion of synthetic face stimuli in initial games of each 
stage contributed to these gains. 
Research supports a specific affective deficit in FER with some emotions (i.e. sadness, fear and 
anger) posing more difficulties in ASC than others. Rump et al. (2009) found that HF ASC 
children showed a particular performance deficit for the identification of anger and fear whilst 
other studies have observed particular problems with the recognition of sadness (Boraston et al; 
2007, Farran, Branson & King, 2011; Schwenck et al; 2012). Rump et al. (2009) observed that 
HFA ASC children aged between 5 and 7 performed significantly worse than matched non-ASC 
children on an emotion labelling task (using human faces) and that their inferior performance 
was most pronounced for anger and fear. In their study, Rump et al. (2009) found that ASC 
children were only able to correctly label expressions of fear and anger when they were 
displayed in their most exaggerated, prototypical form. Even when expressions were displayed 
at 75% intensity, ASC children struggled to identify these negative emotional expressions. In 
contrast, there were no significant differences between ASC and non-ASC children in the 
recognition of happiness regardless of subtlety of expression. Atypical face processing 
strategies are cited as a possible explanation for the particular difficulties with negative 
emotions. Unlike ‘happy’, which can be identified by looking at either the eyes or mouth (Ekman, 
2003) and therefore poses no problems for ASC children since it’s identification accommodates 
their default feature-based processing style (Happé, 1996), the identification of anger, fear and 
sadness rely more on a configural processing style, necessitating the integration of information 
from numerous facial regions for effective decoding (Ashwin et al., 2006). The finding that ASC 
children’s ability to identify anger and fear was amenable to improvement by manipulating the 
intensity of the facial displays of these emotions in the Rump et al. (2009) study, suggests that 
their atypical categorisation processes, whereby they compensate for their lack of intuitive 
prototype matching strategies by adopting a rule-based tick type strategy to determine which 
emotion category the display most likely fits, came into play during this task.  
It would follow therefore that children who played Emotiquest would have found problematic 
negative valence emotions easier to identify from the emoticon and CGC faces during training. 
Cartoon faces amplify the defining characteristics of each emotional expression by providing 
minimalistic canvases which promote focus on critical emotion displaying facial features. This 
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assertion was corroborated by Sevlever (2014) who found that the amplification of facial 
features (i.e. the eyes) of cartoon characters increased the salience of those features and 
implicitly cued ASC children to attend to those features. Such canvases would therefore reduce 
the need for configural processing and allow the child to employ a rule-based categorisation 
strategy in order to learn to identify the more problematic negative valence emotions.  
Both emoticon and CGC faces (although to a lesser extent) consist of fewer facial features and 
express emotions through more exaggerated, prototypical representations of facial expressions. 
These affordances therefore should have acted to minimise distractibility, allowed for the 
adoption of a rule-based tick list strategy and focused attention on features that conveyed the 
greatest amount of emotional information (i.e. the eyes and mouth). The synthetic faces used as 
training stimuli in the first two thirds of each stage of Emotiquest should therefore have allowed 
the ASC child to capitalise on their WCC processing style, enabling them to apply a memorised 
list of facial behaviours associated with each negative emotion category to aid their learning and 
responses in the first games of each stage. Given that Emotiquest’s discrimination game tasks 
were designed to focus the child on the commonalities shared between different exemplars of 
the same emotion, it is proposed that by presenting this information on minimalistic face 
canvases that promote focus and reduce distractibility in the early games of each stage, 
conceptual learning of each emotion category would be further facilitated.    
Furthermore, since a reduction in human face exposure opportunities, argued to be driven by 
atypical social preferences in gaze orienting and a reluctance to look at emotive human faces, is 
often cited as a possible reason for inferior FER ability in ASC (Chevallier et al., 2012; Dawson 
et al., 2005; Grelotti, Gauthier & Schultz, 2002), children may have been more able to recognise 
negative emotions from synthetic faces since they are known to have a preference for looking at 
cartoon faces (Miyahara et al., 2007) and therefore would be more familiar with this face type. 
Since familiarity and experience has been found to lead to normalised, more effective configural 
face processing (Leppanen & Nelson 2009), increased exposure to these emotional displays on 
cartoon character faces, arising due to preferences for this class of social stimuli, would lead to 
expertise relative to human emotion recognition. It is proposed that the ASC children may have 
benefitted from enhanced learning of, and performance with, typically problematic emotion 
categories (anger, fear, sadness) in early stage games that used synthetic faces, which would 
have encouraged motivation and engagement during these normally challenging tasks. It could 
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be the case therefore, that problematic emotions (such as those of a negative valence) 
presented less of challenge to ASC children during the synthetic phases of Emotiquest training 
because their familiarity normalised (configural) perceptual processing (Rossett et al., 2008), 
which is ideally suited for the appraisal of facially expressed emotion and in particular, the 
successful appraisal of negative valence emotions (Ashwin et al, 2006). Further research is 
needed to ascertain which of these factors (the aesthetic qualities of cartoon faces facilitate tick-
list compensatory strategies or the social salience and familiarity with cartoon faces result in 
normalised and more effective perceptual processing) was at play when ASC children worked 
with cartoon faces. 
Although the results from the Emotiquest evaluation study reflected general improvements in 
FER following training, attributable in part to the adoption of a tri-stimulus approach, future 
evaluations should analyse the differential effect of emotion category on FER performance 
before and after training and also elucidate whether face type (synthetic vs. human) mediates 
this effect. Emotiquest aimed to teach FER to ASC children using a granular approach, whereby 
they practiced and acquired FER skills with easier and more preferable face stimuli (synthetic) 
and then transferred these skills to more complex human face stimuli. Future research is 
required to ascertain whether this was the case for all emotions or whether some were not 
amenable to improvement. This would be interesting not only from a theoretical standpoint (it 
would improve current understandings of the synthetic face advantage in ASC) but also from a 
practical, clinical perspective. The ability to decode negative valence emotions from the face is 
critical for the adoption of typical pro-social behaviours. If an ASC child does not recognise that 
another person is sad, angry or afraid, then it follows that they are less likely to show 
compassion, make informed decisions on approach or withdrawal behaviours or offer support or 
help. Emotiquest is only effective therefore if all of these emotions see gains in terms of 
recognisability after training and only if gains are also seen for the recognisability of these 
emotions when portrayed by human faces.  
Finally, qualitative feedback from the usability study provided evidence that the serious game 
principles employed (coherent storyline - incremental goals – feedback and reward system – 
enabled autonomy) led to enhanced intrinsic motivation and therefore also contributed to 
Emotiquest’s success. The in-game data from both the usability study and the evaluation study 
provided further evidence of the serious game’s ability to motivate the child to continue playing, 
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since all children (in the evaluation study) and all but one child (in the usability study) played the 
game regularly, to completion and even replayed previously completed games, reflective of their 
enjoyment levels. Furthermore, based on analysis of the in-game data from the evaluation 
study, it was found that all of the children played the game more than the required three times 
per week, indicating that the game was enjoyable. However, given that Beaumont and Sofronoff 
(2008b) observed no FER gains following training with their serious game JDTP, it is highly 
unlikely that the mode of training delivery alone was responsible for the success of Emotiquest. 
It is more likely therefore that there was interplay between all elements (training strategies, 
stimuli and mode of delivery) which led to the success of Emotiquest.  
12.1. Future research avenues 
As previously mentioned, further elucidation of which factors or combination of factors 
(discrimination training – inclusion of synthetic face stimuli -  tri-stimulus approach - serious 
game delivery) were responsible for Emotiquest’s success, could be explored in future studies 
by breaking the game down into its constituent parts to see where the effect occurs. 
Alternatively, the game could be adapted to record in-game data (recording response times and 
error rates) which would highlight the specific difficulties the ASC children encounter at each 
stage of the game. These explorations would advance theory regarding the nature of hyper-
discrimination in ASC, adding to the work of Plaisted et al. (1998a, b) and would further 
demonstrate how this can be beneficially recruited in therapeutic interventions to compensate 
for any ‘deficiencies’ leading to socio-affective issues. Due to the exploratory nature (and 
applied rather than theoretical nature) and small sample size of this research project, this was 
beyond the scope of this study. 
Although the current study has expanded our knowledge of the synthetic face advantage in 
ASC, and revealed the benefits associated with their integration into a FER training context, two 
new resources developed during this research project, the BARTA database and Emotiquest, 
can be used to expand this knowledge even further. For example, although it was found that 
synthetic faces can play a role in teaching FER to ASC children, the study did not elucidate 
exactly why this was the case. Since eye gaze studies have shown that the recognition of 
surprise can be facilitated by increased focus on the eye region (Bal et al., 2010) and synthetic 
faces have been found to normalise atypical gaze behaviour in ASC (Van der Geest, 2002b), 
future eye gaze studies could determine whether there are differential visual scan paths of ASC 
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children when they are working with synthetic and human faces in Emotiquest and whether 
these scan paths account for differences in subsequent FER learning.   
Despite the many advantages offered by Emotiquest in its current form and the potential it has 
to serve a salient need in a heavily under-resourced ASC FER training market, opportunities for 
its further development are recognised.  
Emotiquest was designed to specifically appeal to ASC children and as such, the initial design 
was heavily guided by ASC literature. Subsequent development of the game from the prototype 
stage to the full evaluated version, adopted a user centred approach and was therefore 
informed by qualitative feedback from ASC child users who participated in the usability study.  
Although feedback from the usability study regarding the interface, audio features, navigation, 
stimuli etc., was highly positive, the further development of the game (the changes following the 
usability study) was not subject to critical appraisal as no feedback mechanisms were included 
in the study design.  The evaluation study successfully demonstrated that Emotiquest was 
enjoyed by ASC children (indexed by game completion, revisited games and amount of time 
spent playing) and was effective in teaching generalisable basic FER skills, however, the lack of 
qualitative feedback from the children themselves and the parents/teachers who observed them 
play, does not allow the current project to ascertain whether features of the game provided an 
optimal learning environment for ASC children or whether certain features detracted from 
effective learning. For example, although Emotiquest ensured that distracting background 
features were kept to a minimum during training; the game screens presented only information 
that enabled independent play (training faces, answers options (buttons), a rocket to chart their 
progress through the game and buttons to enable them to access the instruction screen and exit 
the game), it may not have been bland and minimalistic enough for some ASC children who 
present with more severe stimulus-over selectivity issues (Lovaas et al., 1979).  Too many 
competing background features can distract ASC children during learning tasks and although 
Emotiquest was designed to minimise these, an assessment of the effect of the interface should 
be included in subsequent evaluations.  Furthermore, considering the heterogeneity of ASC, in 
terms of preferences, circumscribed interests, cognitive and perceptual abilities and severity of 
diagnostic criteria (Wing, 1998), future developments of Emotiquest could enable the game 
interface and storyline to be tailored to the individual child. By offering the child a number of 
storyline and interface options (colours, settings, ultimate goals etc.), a greater degree of 
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autonomy would be optimised leading to greater intrinsic motivation (Ryan et al., 2006). 
Furthermore, tailoring would ensure the intervention appealed to and thus serves, a greater 
number of ASC children who require FER training.   
Although the tri-stimulus approach to training was central to the design of Emotiquest and is 
suggested to contribute to the efficacy of the intervention, future developments of Emotiquest 
could further consider the aesthetic and social qualities of the synthetic training faces. For 
example, the aesthetic differences between the minimalistic canvas provided by emoticon 
characters and the more ecologically valid, detailed and realistic CGC faces is relatively large. 
Likewise, the leap from CGC childlike faces to photographs of adult human faces is also great. 
Future developments of Emotiquest may benefit by including more synthetic face types to 
bridge these difference gaps in order to provide a more gradual and gentle increase in 
complexity and human like qualities. In addition to easing the transition between face types, 
including more varieties of synthetic face stimuli would increase the number of variations of 
facial expression exemplars the child is exposed to which should promote even greater 
facilitation of generalisation from one context to another. Finally, given that experience, salience 
and familiarity with faces has been found to lead to normalised, more effective face processing 
(Leppanen & Nelson 2009), future synthetic training faces could be personalised to look like and 
represent special people in the child’s life (parents, siblings, teachers, favourite TV character 
etc.).  The more the game can appeal to and engage the child and the more the intervention 
can facilitate normalised perceptual processing of faces during learning, the more training they 
will receive and the greater the benefits would be.   
ASC is a heterogeneous condition and as such, the severity and nature of the FER deficit varies 
from child to child. Regardless of cognitive profile however, all ASC children experience some 
degree of emotion processing impairment and therefore a differentiated pedagogy approach 
must be adopted in order to cater for and remediate a wide range of FER abilities. In its current 
form, Emotiquest is only suitable for ASC children suffering from severe FER deficits (it aims to 
improve recognition of the six basic emotional expressions only) and whilst there is a 
requirement for such training, children presenting with more advanced FER skills (those who 
recognise basic emotions but cannot recognise more complex emotions such as guilt and 
embarrassment) remain uncatered for. In addition, once children have learnt to recognise the 
static facial expressions of both basic and complex emotions, it is recognised that Emotiquest 
261 
 
could be further developed to incorporate dynamic and multimodal stimuli for more advanced 
learners. An appreciation of emotion-specific facial behaviour is necessary for judging the 
emotions of another person, but, it is not sufficient. In real world social situations, we are 
bombarded with highly dynamic multimodal socio-emotional information (facial expressions, 
prosody, contextual information, posture etc.,) which, we must integrate and interpret holistically 
in order to understand how a person is feeling. There is rarely a requirement to recognise and 
label an emotional expression from a static face in real-world social situations and although 
static faces are an appropriate medium for the initial learning of the similarities and differences 
that exist between expressions, interventions also need to present training stimuli and a training 
environment (scenarios and tasks etc.) that are more ecologically valid, representing real world 
experiences as closely as possible in order to successfully teach the full repertoire of FER skills 
required to function effectively in social situations.  Taking this into account, and given the 
evidence that the strategies employed in Emotiquest are successful in remediating basic FER 
deficiencies, future developments of Emotiquest could include a four-step (modular) 
comprehensive programme of FER training, all of which would incorporate the unique 
Emotiquest combination of discrimination/tri-stimulus/serious game training and which could 
collectively, benefit all autistic children regardless of cognitive or emotion recognition skills 
profile. Emotiquest (current version) would teach the six basic emotions using static face stimuli 
and could be seen as entry stage training to help younger ASC children recognise facial 
expressions of basic emotion. As such, Emotiquest step-one will provide children with the 
foundation skills and knowledge necessary to benefit from further, more advanced (and 
socially/ecologically valid) training. Emotiquest step-two could build on the skills acquired in 
step-one, teaching basic and complex FER (e.g. guilt, boredom, jealousy etc.) using both static 
and more ecologically valid dynamic face stimuli (providing an appreciation of the evolution of 
facial expressions).  Emotiquest step-three could introduce prosody alongside dynamic faces 
and finally, Emotiquest step-four would teach children how to read social situations by 
holistically interpreting a variety of dynamic, multimodal cues such as facial expression, 
prosody, gestures and, importantly, context.  This four-step training programme, which could be 
accessed at a point suitable for an individual learner’s current level of emotion understanding 
and recognition, could provide systematic FER training which would promote integrative socio-
emotional understanding.  
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The training strategies that lie at the heart of Emotiquest capitalise and exploit the perceptual 
and learning preferences of ASC children. The benefits of these training strategies however are 
not limited to ASC children; there is a strong case to be made for including discrimination 
training and synthetic characters in any FER intervention aimed at children. Emotiquest could 
be an attractive and appropriate training resource for autistic and non-autistic children 
presenting with FER difficulties. Problems recognising emotions can affect children with learning 
difficulties (Williams et al., 2005), ADHD (Norvilitis, 2000), schizophrenia (Brune, 2005), 
depression (McClure et al., 2003), those who have suffered abuse and neglect (Pollak et al., 
2000), and children with personality disorders (Woodworth & Waschbusch, 2008). The current 
research provides evidence that synthetic faces can adequately portray and teach emotion 
exemplars and therefore, due to the affordances of this stimuli class, could be recruited for FER 
training purposes. Future research could evaluate whether Emotiquest can also benefit other 
clinical populations in addition to lower functioning ASC children. An evaluation study for non-
ASC child populations would be required since the design and development of Emotiquest was 
tailored specifically for ASC children and as such, was guided both by ASC theory and, during 
the latter stages of development (from prototype to the final version), was influenced by ASC 
children themselves (further development adopted a user-centred design approach). It could be 
therefore that Emotiquest, in its current form, is not suitable for teaching FER to non-ASC 
children. The current study did not assess whether the game (training strategies and/or stimuli 
and/or learning environment) had a positive, neutral or even negative effect on this population. It 
is possible for example that the highly repetitious nature of the game, which is favoured by ASC 
children and suits their learning style (Ploog, 2010), would become tedious for non-ASC 
learners and reduce motivation, engagement and enjoyment. Emotiquest  was also designed to 
overcome a particular difficulty characteristic of ASC; stimulus over-selectivity during learning. 
Because ASC individuals have a tendency to attend to task irrelevant stimuli and struggle to 
filter out irrelevant information (Lovaas et al; 1979), the learning environment (the interface)  
was designed to minimise distracting features wherever possible in order to promote focus on 
the relevant areas of the screen (the faces). This relatively simplistic interface may not engage 
non-ASC children in the same way and therefore adapted versions may be necessary to cater 
for non-ASC populations. Likewise, given that flow theory suggests that task enjoyment and 
focus during learning is optimised when task demands match ability levels (Shernoff et al., 
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2003), simplistic cartoon faces, whilst providing a vital first step for ASC children (in terms of 
presenting them with easier challenges early on in training and removing a barrier to learning 
(human face aversion)), may pose too easy a challenge for non-ASC children who are not 
human face averse and who do not struggle to the same degree or in the same way as ASC 
children, and potentially negatively impact on their learning experience resulting in a loss of 
interest.  
The purpose of the body of work described in this thesis however was to develop a FER 
intervention that would specifically benefit ASC children and therefore non-ASC children were 
not actively involved in either the usability study or the evaluation study (since they were not the 
intended end users).  As such, it is tentatively offered that Emotiquest may be suitable for 
teaching FER to non-ASC children with a need for skill improvement, due to there being 
evidence for the effectiveness of discrimination training amongst non-ASC populations (e.g. 
Williams et al., 2005). 
12.2. Limitations 
The current study incorporated a number of design features, which are acknowledged as 
potentially limiting the generalisability of the findings. It could be argued that the current study 
was hampered by relatively small sample sizes. This is typical in the majority of ASC studies 
due to the inherent difficulties in matching procedures (due to the highly heterogeneous nature 
of the condition) and the significant demand for ASC participants. It is also a common feature of 
exploratory research, such as the current study. The study does however provide evidence of 
efficacy and can be seen as a starting point on which to build further and more detailed 
evaluations of the intervention with larger and more gender balanced cohorts (since the current 
study only included ASC boys).  
Although participants in all groups (AS/I, AS/C and T/C) were matched on chronological age, 
the wide age range of participants in all groups (six to eleven) could also be argued to limit the 
robustness of the findings from the usability study, the BARTA FER test validation study and the 
Emotiquest evaluation study.  This limitation is common in ASC research since heavy demand 
for ASC child participants limits participant availability, especially when selection criteria 
includes specific deficiencies in certain areas such as basic FER. Matching groups on 
chronological age, cognitive ability, severity of behavioural manifestations of ASC and specific 
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skill level is an incredibly difficult task since ASC is a spectrum condition with great variance in 
the range of behavioural expression, degree of severity of the diagnostic characteristics and 
intellectual capabilities (Wing, 1998). By reducing the age range in the selection criteria, 
researchers struggle to recruit a large enough sample to study. For example, previous ASC 
FER studies have compared and evaluated FER in child groups with age ranges from four to 
eleven (Sevlever, 2014), six to sixteen (Hopkins et al.; 2011), ten to eighteen (Silver & Oakes, 
2001) and even as wide ranging as eight to seventeen (Bauminger, 2002). Although this could 
be viewed as problematic if chronological age correlated with FER ability in ASC, this is not the 
case. Although very little is currently known about ASC FER developmental trajectories in early 
and middle childhood (Uljarevic & Hamilton, 2013), studies have found that the development of 
FER ability in ASC differs from non-ASC children. Whereas typically developing children’s age 
positively correlates with their FER ability, this is not the case for ASC children (Gepner et al., 
2001).  In a study charting the development of FER proficiency in ASC and non-ASC groups, 
Rump et al. (2009) found a gradual increase in proficiency in their non-ASC groups with adults 
demonstrating the highest level of ability, followed by adolescents and then children but no 
differences in FER ability were observed between the child, adolescent and adult ASC age 
groups, indicating that proficiency did not increase with age.  
FER abilities in ASC do not therefore appear to be mediated by chronological age. Since 
research indicates that experience with expressive faces could be a factor in the development 
of FER abilities (Leppanen & Nelson 2009) and given that manifestations and severity of 
manifestations in ASC are highly heterogeneous with some children being more amenable to 
social interaction than others and some children being more face averse than others, 
irrespective of age, recruiting and matching ASC groups on FER ability pre-intervention rather 
than on chronological age alone appears more of a valid method to pursue (since an eleven 
year old ASC child may have more of a need for intervention than a five year old ASC child).  
Likewise, the aim of the body of work described in this thesis was to produce and evaluate an 
effective intervention for HF ASC primary school aged children who had a requirement for basic 
FER skill improvement. As such, the inclusion criteria for the usability study, the BARTA FER 
test validation study and the Emotiquest evaluation study reflected the population for whom the 
game was designed and therefore included HF ASC children between the ages of six and 
eleven.   
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In the current study, a non-ASC control group provided BARTA FER scores at time one only to 
provide a baseline measure. The study did not therefore allow for a comparison of time two 
scores between the ASC intervention group and typically developing children. It could have 
been that the non-ASC control group improved on their time one scores at time two due to 
natural FER development over the twelve-week period, or to practice effects (taking the tests for 
a second time) and as such, although ASC intervention group results are interpreted as 
reaching the same level as the non-ASC group at time one, this is done tentatively. Due to the 
complexity and magnitude of this research and the way in which the non-ASC control group 
were recruited, time two testing of the non-ASC group was not possible. 
A further limitation of this study was the reliance on previous clinicians’ diagnoses of ASC. Due 
to a lack of resources and the geographical spread of participants, the current studies were not 
able to confirm diagnoses by using tools often employed by ASC researchers (i.e. ADI; Lord, 
Rutter, & Le Couteur, 1994). However, as previously mentioned, all ASC participants scored 
above the cut-off point on the CAST measure which limited the possibility of incorrect diagnosis.  
Although participants were not matched on full scale IQ, all participants attended mainstream 
schools and were matched on both chronological and reading age. All children were able to 
read and understand the emotion labels in the test booklets and pre-intervention emotion 
recognition scores in the two ASC groups (intervention and control) were equivalent. 
Furthermore, since there is a relationship between reading age and verbal IQ (Wechsler, 
Golombok & Rust, 1992), matching children on reading age was considered sufficient to ensure 
children in the intervention and control groups were matched appropriately for the purpose of 
the evaluation study. The children were also matched on chronological age since the acquisition 
of emotional vocabulary follow a developmental trajectory (see Chapter Four). Finally, to ensure 
the severity of ASC traits were equivalent between ASC groups, participants were matched on 
CAST scores. This matching procedure was employed to limit the possibility of severe 
manifestations of ASC symptomology in either group confounding their FER performance or 
their ability to improve their FER skills during training. 
A further limitation of the evaluation study was the relative lack of control in ensuring 
compliance to experimental conditions during the FER pre and post testing phase of the study 
(when children completed the tests of recognition) and during the intervention phase (whilst 
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ASC children underwent training with Emotiquest). Although the in-game data logs provided the 
researcher with weekly updates as to compliance with the training (training was being 
undertaken at least three days per weeks and sessions lasted approximately twenty minutes), it 
could not be said with absolute certainty that the ASC intervention children were playing the 
game themselves. Due to the geographical spread of participants and the way in which training 
sessions were incorporated into normal home and school schedules, this limitation could not be 
prevented and therefore trust in the supervising adults (teachers and parents) was necessary. 
Teachers and parents received both written and verbal instructions prior to and during the study 
and the researcher was confident that they understood the experimental conditions throughout. 
Teachers were asked to administer the pre and post-test measures to prevent parents 
potentially (and not necessarily intentionally) encouraging improved results at time two. Since 
the teachers and parents of participating children were aware of each child’s FER training 
needs, it was in their vested interest to ensure the study was conducted correctly. This limitation 
is rife throughout ASC intervention research in situations where participants complete training in 
their own natural environments rather than in a laboratory (Brewer, 2002). The study aimed to 
assess the efficacy of the game when it is integrated into normal, everyday situations (leisure 
time at home or within their school day) since the ultimate goal of the study was to provide an 
accessible resource that can be played at home or in school. Therefore, this limitation could not 
be prevented. If children had undertaken training in a laboratory under experimental conditions, 
we could not generalise the findings to say it would work in non-laboratory settings.   
Although Emotiquest and the BARTA FER tests included exemplars of subtle and more 
prototypical emotional expressions, the subjective nature of the judgement as to which category 
each emotion was assigned (researcher judgment only) led to the decision to not compare the 
results for subtle vs. prototypical exemplars. This limits the findings somewhat as it could be 
suggested that gains were limited to prototypic expressions only. However, given the near 
ceiling performance levels following intervention and the finding that ASC scores reached and 
even surpassed non-ASC scores at time one, it is unlikely that improvements were only 
observed for prototypic manifestations of affect.  
A further limitation, which applies to the BARTA FER test validation study, the Emotiquest 
intervention and its subsequent evaluation study, is the inequality in both the teaching and 
assessment of disgust.  Disgust requires the lifting of the nasal-labial muscles in order for it to 
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be adequately portrayed facially and this was not possible with emoticon character faces, which 
do not feature a nose. As such, Emotiquest was limited to presenting and teaching disgust 
using only 2/3rds of the face training stimuli (CGC and human). This is problematic since this 
emotion category was not able to feature in entry level training of any stages (initial training 
within Emotiquest involved emoticon character faces), a level designed to gently introduce 
emotion exemplars using the easiest face type to decode, before the child progressed to more 
complex and difficult face stimuli. Missing this first step of training in each stage of Emotiquest 
may have made the conceptual learning of disgust more difficult to acquire and could have 
affected subsequent learning given that there was less exposure to exemplars of this emotion. 
Furthermore, since the CGC and human phases of training included an extra emotion category, 
these would have proved more difficult sections, not only because of increased facial complexity 
(an intended complexity manipulation) but also because they required recognition of a further 
emotion category. However, whilst it is recognised here that future developments of Emotiquest 
should find a way to incorporate the teaching of disgust in all face types to ensure equality of 
stimuli exposure and training across subsections, post-intervention FER results for novel faces, 
demonstrated comparable FER performance on all subsections; children found emotion 
portrayed by human and CGC faces as easy to decode as those portrayed by emoticon faces, 
suggesting that the inequality of training did not influence overall FER skill acquisition. This 
statement is strengthened further considering that the CGC and human subsections of the 
BARTA FER tests provided more questions (24 each) than the emoticon subsection (only 20), 
thus presenting more opportunities for incorrect answers. However, since there was no analysis 
of gains for each emotion category, differences may have been apparent for the recognition of 
disgust but were masked beneath overall scores.  
Finally, although there was evidence for generalisation of acquired FER skills to faces not 
included in the game, the study design employed did not allow for an assessment of 
generalisation to real life social situations. Parental feedback following intervention was positive 
and encouraging with reports made of children taking more interest in faces and the emotions of 
others since playing the game, however, these reports were anecdotal and not empirically 
collected or analysed.  It is accepted here that a follow up study using questionnaires to 
investigate parental perceptions of the effect of Emotiquest on their child’s everyday functioning 
would have proved useful and would provide further evidence for the efficacy of the intervention 
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for FER remediation, however this was beyond the scope of the current research project. The 
current research was a first step to assessing whether the barrier to learning expressions of 
facial affect could be removed by presenting teaching in a more ASC appropriate manner 
through the use of ASC friendly stimuli (tri-stimulus approach) and by facilitating learning by 
capitalising on the perceptual superiorities of ASC children through discrimination training 
strategies.  The results of the evaluation study confirmed this and elucidated that Emotiquest 
had the ability to facilitate generalisation of this learning to new contexts. The next step however 
is to assess the magnitude of the effects of Emotiquest, which could be achieved in future 
evaluation studies using a variety of outcome measures including observations to assess 
everyday social skills including a reduction in gaze aversion, increased peer interest, increased 
eye contact, increased attention to faces and improved appropriate social responding from 
baseline to post intervention. 
Future evaluations should build on the anecdotal findings from the current study by assessing 
whether FER skills acquired or improved during game play, enable the child to function more 
effectively in real life social situations. A formal examination of the effect of Emotiquest on the 
child’s frequency of attending to faces in everyday social situations would be useful as it would 
elucidate whether Emotiquest has real life positive effects, in terms of reducing aversion to 
human faces (Attwood, 1993; Blair, 1999; Gernsbacher & Frymiare, 2005) and the anxiety that 
often accompanies it (Decety & Lamm, 2006) and enhancing the salience of socio-affective 
stimuli. Anecdotal reports from parents suggest that children demonstrated a more normalised 
bias to attend to faces following intervention. This could potentially be due to the enjoyment they 
experienced when working with faces during game play. It could also be due to their improved 
ability to understand emotion (enhanced cognitive empathy) which would attenuate their 
affective empathy surfeit thereby reducing distress and anxiety and encouraging further 
attention to faces (Smith, 2009). In either case, this would have exciting implications since 
experience, salience and familiarity with human faces has been found to lead to more 
normalised face processing (Leppanen & Nelson 2009). 
If Emotiquest is found to increase attention to faces (or at the very least reduce aversion to 
human faces) in real life situations, then the implications are clear. Enabling the normalisation of 
social orienting towards faces, would enhance the ASC child’s experience with social stimuli 
providing them with continual naturalistic opportunities to learn and further develop their social 
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understanding. According to the social motivation framework, the lack of social appraisal 
experience in ASC (due to atypical social orienting to faces) hampers the development of the 
cortical networks that are specialised for social cognition and affective processing (Begeer et 
al., 2006; Dalton et al., 2005; Sasson, 2006; Schultz, 2005). If Emotiquest is found to remediate 
these atypical social biases and motivate the ASC child to attend to faces in real life social 
situations, then the intervention’s effects would go beyond teaching the basic expressions of 
emotions from static faces; it would also promote naturalistic, long term learning in the child’s 
everyday life, enhancing their ability to successfully navigate their collaborative social world 
(Chevallier et al; 2012).   
In addition to behavioural measures, future evaluation studies could assess whether training 
with Emotiquest promotes more typical, intuitive and fast emotional processing by comparing 
N170 activity in response to affective faces pre and post intervention. The N170 waveform, a 
neural marker for face processing, has been found to have a longer latency in ASC individuals, 
indicative of the adoption of inefficient, non-intuitive face processing strategies in ASC 
(McPartland et al., 2004). If latencies were found to decrease following training with Emotiquest, 
there would be evidence that the intervention not only enables ASC children to improve their 
FER test scores post intervention, but also, that face processing atypicalities can be overcome, 
which would have everyday social benefits and provide increased opportunities to further 
develop the child’s social understanding by mere experience with their social world. 
12.3. Conclusion 
The body of research presented in this thesis represents a significant contribution to theory (see 
points below) and also makes a significant contribution in terms of providing evaluated research 
tools and materials with wide-reaching clinical and research applications (The BARTA, 
Emotiquest, BARTA FER Tests). 
In terms of this thesis extending theoretical knowledge, this research has furthered our 
understanding of both FER deficits in ASC and the emerging notion of a synthetic face 
advantage in this population.  
For example, findings from the BARTA FER test validation study and the Emotiquest evaluation 
study also add support to the Uljarevic and Hamilton (2013) finding that basic FER deficits are 
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evident in HF ASC primary school aged children and that there is a need for the provision of 
effective FER interventions for this population.   
This research has also, for the first time, demonstrated that ASC children are more able to 
decode basic emotion when they are communicated by synthetic, cartoon faces than they are 
when those same emotions are portrayed by human faces. Sevlever (2014) found that the 
ability of young ASC children (aged four to eleven) to identify basic emotions communicated by 
cartoon faces was comparable to matched non-ASC children. The results from the BARTA FER 
test validation study (see Chapter Ten) were contrary to Sevlever’s (2014) findings; it was found 
that ASC children were impaired in their ability to assign emotion labels to synthetic and human 
faces relative to matched non-ASC controls. Therefore, it was found that the impaired ability of 
ASC children to recognise facially expressed emotion carries over to synthetic faces also. The 
current findings of the evaluation study however did find that FER performance in decoding 
emotion from synthetic faces (whilst still impaired relative to controls) was superior to their 
performance with human faces. Furthermore, the current evaluation study found no differences 
between recognition ability for highly simplistic (emoticon) and more complex (and therefore 
more ecologically valid) CGC faces. The current study has also demonstrated that synthetic 
faces can effectively be integrated and utilised in an FER training context. This research has 
highlighted the usefulness of employing more culturally and ‘personally’, (i.e., appropriate to 
children diagnosed with ASC), affective synthetic agents such as emoticons and CGC in the 
development of FER and other educational and remediation tools. In addition, the evaluation 
study demonstrated that the level of facial detail and physiognomic feature salience differences 
between emoticon (less) and CGC faces (more) does not affect FER performance in ASC. ASC 
children were as able to recognise emotion from more detailed and realistic CGC faces as they 
were with highly simplistic emoticon faces. This suggest that the synthetic face advantage is 
less to do with the perceptual nature of the faces (simplistic, less distracting features) and more 
to do with social relevance. Whilst very simplistic emoticon faces are argued here to be an ideal 
first step in FER training, given that they facilitate the peak shift effect, due to their ability to 
augment critical face regions, more detailed, realistic and more human like synthetic faces, such 
as CGC, can also be used in FER training since they are accepted, liked, engaged with and are 
recognised with more ease than human faces by ASC children. This research therefore asserts 
that cartoon character face qualities (perceptual and social) can and should be harnessed and 
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exploited in order to teach FER skills to ASC children. However, the finding of Young and 
Posselt (2012), who also used synthetic faces in a DVD series to teach emotional expressions 
to ASC children and found no evidence of enhanced skill following intervention, suggests that 
merely integrating synthetic faces into FER interventions is not sufficient to encourage learning. 
Young and Posselt (2012) included emotional content only and therefore simply exposed the 
children to synthetic emotive faces rather than directing them to work with the faces. Since the 
results of the current study suggest that synthetic faces can effectively be used to teach FER 
when combined with discrimination training, the failure of the Young and Posselt (2012) 
intervention appears to be due to the training strategies employed rather than the stimuli used. 
It is suggested here that future interventions need to combine both optimal strategies and 
optimal training stimuli in order for FER interventions to have any level of success. 
In addition to adding to theoretical knowledge, this body of work has also resulted in the 
provision of a number of unique additions to currently available FER research tools. Emotiquest, 
the BARTA database and the BARTA FER tests provide new resources for FER research, 
assessment and training purposes. 
Emotiquest is a fully developed, empirically tested and available FER serious game which can 
now be supplied to HF ASC children who would benefit from it. Emotiquest is unique in 
combining and applying the tenets of the enhanced discrimination theory (O'Riordan & Plaisted, 
2001), memory enhancing techniques documented in cognitive psychology literature (Markman 
& Gentner, 1997), the social affordances of synthetic characters and serious game design. 
Since this serious game negates the need for teacher, clinician or parental supervision and 
support, this game should be attractive to ASC children by alleviating the apprehension that 
often accompanies training that requires social interaction with others. At the same time, it 
should be attractive to teachers as it provides a new resource which can supplement their 
existing approaches to remediating socio-emotional impairments. As Emotiquest is provided in 
a child-friendly, fun, game format, it could be seen as attractive as a leisure activity as well as 
an educational tool. The findings from the current research have led to the strong belief that 
Emotiquest has the potential to make a difference to the lives of autistic children around the 
globe. The NHS have already demonstrated their interest in the therapeutic potential of 
Emotiquest as an emotion recognition remediation tool (personal communication, 8 February, 
2013). The quality and therapeutic potential of Emotiquest has also been been substantiated by 
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the Director of Research at the National Autistic Society, who, in an email communication 
indicated his support by stating: “This is a well thought through and necessary project…it is 
likely that NAS schools will wish to be involved” (personal communication, 13 November 2013). 
Finally, The Robert Ogden School, the largest school in the UK for children with autism 
(employing over 300 staff and offering full-time day and boarding/residential care places to 
children and young people aged seven to nineteen from across the autism spectrum) have 
expressed their interest in Emotiquest and requested that they be involved in future evaluations 
of the software (personal communication, 10 December, 2013).     
The current research led to the compilation and development of a new database of facial 
expressions. The BARTA (see Chapter Seven) was primarily compiled to provide training stimuli 
to satisfy the aims of Emotiquest. However, the collection also provides a novel tool with wide 
reaching application capabilities. The BARTA database is unique in a number of ways. It 
includes three categories of facial stimuli, displays of different expressions from identical faces 
and provides a number of exemplars of each emotion at high and low intensities. The BARTA 
therefore provides a resource which can enable investigations into typical and atypical facial 
expression identification from both synthetic and human face stimuli, which will facilitate further 
research into the synthetic face advantage in ASC. 
This research, in addition to developing and providing the BARTA database and the Emotiquest 
intervention, led to the development of the BARTA FER tests, two tests of facial emotion 
recognition ability (local and distant generalisation), which served not only as measures of 
therapeutic gains in the current intervention evaluation study, but, (as with the BARTA and 
Emotiquest), could subsequently be usefully utilised by the wider academic community and 
external clinical agencies.  
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Appendix 1:  Full validation data BARTA 
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2
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4.
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.9 
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By Character 
   
      
 
    
     
% of decoder emotion 
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73.9 
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3.
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5 
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4 
Fe
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G
C 
Fem
ale 
ALI
CE 0 
3
.
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7
2.
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1
7.
2 
1:2:C
15 
7
2.
4 
24.
1 
0 
3.
4 
2:1:
C2
1 
Fe
ar 
C
G
C 
Fem
ale 
ALI
CE 
12
.5 
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7
5 
0 
8.
3 
2:2:C
4 
7
0.
8 
12.
5 
8.3 
8.
3 
1:1:
C4
6 
Ha
pp
y 
C
G
C 
Fem
ale 
ALI
CE 
89
.7 
0 
6.
9 
0 0 0 
3.
4 
          
2:1:
C3 
Ha
pp
y 
C
G
C 
Fem
ale 
ALI
CE 
87
.5 
0 0 0 
4.
2 
0 
8.
3 
          
2:1:
C1
9 
Ne
utr
al 
C
G
C 
Fem
ale 
ALI
CE 
0 
1
6
.
7 
0 0 
8.
3 
70.
8 
4.
2 
          
4:1:
C2
5 
Sa
d 
C
G
C 
Fem
ale 
ALI
CE 
0 
7
2
.
7 
0 0 
1
3.
6 
0 
1
3.
6 
          
7:1:
C3
1 
Sa
d 
C
G
C 
Fem
ale 
ALI
CE 
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9
0
.
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C1
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Sur
pri
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C
G
C 
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ale 
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CE 
          
    
  
2
2.
7 
72.
7 
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C1
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pri
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CE 
          
    
  
2
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6 
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G
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4.5 
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0 0 
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2:1:
C2
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Dis
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ste
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C
G
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Fem
ale 
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C4
3 
Dis
gu
ste
d 
C
G
C 
Fem
ale 
DIA
NA 
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.2 
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7 
          
8:1:
C2
8 
Fe
ar 
C
G
C 
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ale 
DIA
NA 
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9.
1 
9.1 
7
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0 
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7
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7 
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C
G
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7
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0 0 0 0 0 
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0 0 0 91.7 
4.
2 
0 
4.
2 
          
3:1:
C2
0 
Dis
gu
ste
d 
C
G
C 
Fem
ale 
JA
Z 
0 0 
9.
1 
77.3 0 0 
1
3.
6 
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9.
1 
86.
4 
0 
4.
5 
5:1:
H2
3 
Ha
pp
y 
H
u
m
  Male 
BA
Z 
95
.5 
4
.
5 
0 0 0 0 0 
  
        
6:2:
H1
1 
Sur
pri
se 
H
u
m
  
Male 
BA
Z 
                
1
9.
2 
80.
8 
0 0 
7:1:
H4
2 
Dis
gu
ste
d 
H
u
m
  Male 
BE
N 
0 0 
4.
5 
86.4 0 4.5 
4.
5 
        
  
3:1:
H1
1 
Ha
pp
y 
H
u
m
  Male 
BE
N 
10
0 
0 0 0 0 0 0 
  
        
6:1:
H4
7 
Ha
pp
y 
H
u
m
  Male 
BE
N 
10
0 
0 0 0 0 0 0 
  
        
5:2:
H1
3 
Sur
pri
se 
H
u
m
  
Male 
BE
N 
              
  
8.
7 
73.
9 8.7 
8.
7 
8:2:
H1 
Sur
pri
se 
H
u
m
  
Male 
BE
N 
          
    
  
0 
95.
5 
0 
4.
5 
5:1:
H3
2 
An
gry 
H
u
m
  Male 
BO
B 
0 0 
73
.9 
4.3 
8.
7 
0 
1
3 
  
        
3:1:
H4
4 
Dis
gu
ste
d 
H
u
m
  Male 
BO
B 
0 0 0 90.9 
4.
5 
0 
4.
5 
  
        
4:1:
H2
0 
Dis
gu
ste
d 
H
u
m
  Male 
BO
B 
0 
2
2
.
7 
0 72.7 
4.
5 
0 0 
  
        
6:1:
H7 
Fe
ar 
H
u
m
  Male 
BO
B 
0 
7
.
7 
0 7.7 
7
3.
1 
0 
1
1.
5 
6:2:H
13 
7
6 
16 0 8 
7:1:
H2
1 
Fe
ar 
H
u
m
  Male 
BO
B 
0 0 0 9.1 
7
2.
7 
0 
1
8.
2 
7:2:H
13 
7
2.
7 
4.5 0 
2
2.
7 
2:1:
H1
8 
Ha
pp
y 
H
u
m Male 
BO
B 
10
0 
0 0 0 0 0 0 
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8:1:
H2
9 
Ha
pp
y 
H
u
m
  Male 
BO
B 
10
0 
0 0 0 0 0 0 
  
        
2:1:
H1
4 
Ne
utr
al 
H
u
m
  Male 
BO
B 
0 
1
2
.
5 
0 0 0 75 
1
2.
5 
  
        
5:1:
H2
7 
Sa
d 
H
u
m
  Male 
BO
B 
0 
9
1
.
3 
4.
3 
0 0 0 
4.
3 
  
        
6:1:
H3
9 
Sa
d 
H
u
m
  Male 
BO
B 
0 
7
3
.
1 
0 0 0 7.7 
1
9.
2 
  
        
1:2:
H5 
Sur
pri
se 
H
u
m
  
Male 
BO
B 
          
    
  
1
4.
3 
78.
6 
0 
7.
1 
8:1:
H4
0 
Ne
utr
al 
H
u
m
  Male 
BR
AD 
0 0 0 0 0 100 0 
  
        
2:1:
H4
2 
Sa
d 
H
u
m
  Male 
BR
AD 
0 
7
0
.
8 
0 29.2 0 0 0 
  
        
7:1:
H4
5 
Sa
d 
H
u
m
  Male 
BR
AD 
0 
8
1
.
8 
0 4.5 
9.
1 
0 
4.
5 
  
        
4:2:
H4 
Sur
pri
se 
H
u
m
  
Male 
BR
AD 
          
    
  
4.
5 
81.
8 
0 
1
3.
6 
7:2:
H1
4 
Sur
pri
se 
H
u
m
  
Male 
BR
AD 
          
    
  
0 100 0 0 
3:1:
H1
3 
An
gry 
H
u
m
  Male 
CH
AR
LIE 
0 0 
77
.3 
13.6 0 0 
9.
1 
  
        
2:1:
H4
6 
Ha
pp
y 
H
u
m
  Male 
CH
AR
LIE 
10
0 
0 0 0 0 0 0 
  
        
7:1:
H2
0 
Ne
utr
al 
H
u
m
  Male 
CH
AR
LIE 
0 0 0 4.5 0 
81.
8 
1
3.
6 
  
        
1:1:
H2
8 
An
gry 
H
u
m
  Male 
JA
CK 
0 0 
75
.9 
6.9 0 
13.
8 
3.
4 
  
        
8:1:
H2
4 
An
gry 
H
u
m Male 
JA
CK 
0 0 
10
0 
0 0 0 0 
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1:1:
H1
6 
Dis
gu
ste
d 
H
u
m
  Male 
JA
CK 
0 
1
0
.
3 
3.
4 
75.9 0 0 
1
0.
3 
  
        
5:1:
H2
9 
Dis
gu
ste
d 
H
u
m
  Male 
JA
CK 
0 
1
7
.
4 
4.
3 
73.9 0 4.3 0 
  
        
6:1:
H2 
Dis
gu
ste
d 
H
u
m
  Male 
JA
CK 
0 
1
5
.
4 
7.
7 
73.1 
3.
8 
0 0 
  
        
2:1:
H2
0 
Fe
ar 
H
u
m
  Male 
JA
CK 
0 0 0 4.3 
7
3.
9 
0 
2
1.
7 
2:2:H
12 
7
0.
8 
29.
2 
0 0 
3:1:
H2
4 
Fe
ar 
H
u
m
  Male 
JA
CK 
0 0 0 4.5 
9
0.
9 
0 
4.
5 
3:2:H
3 
7
2.
7 
27.
3 
0 0 
4:1:
H4
3 
Fe
ar 
H
u
m
  Male 
JA
CK 
22
.7 
0 0 4.5 
7
2.
7 
0 0 
4:2:H
8 
7
7.
3 
13.
6 
0 
9.
1 
6:1:
H1
6 
Fe
ar 
H
u
m
  Male 
JA
CK 
3.
8 
3
.
8 
3.
8 
3.8 
7
3.
1 
0 
1
1.
5 
6:2:H
2 
7
3.
1 
23.
1 
3.8 0 
9:1:
H3
2 
Fe
ar 
H
u
m
  Male 
JA
CK 
4.
5 
0 0 0 
7
2.
7 
4.5 
1
8.
2 
9:2:H
3 
7
7.
3 
18.
2 
0 
4.
5 
8:1:
H2
7 
Ha
pp
y 
H
u
m
  Male 
JA
CK 
10
0 
0 0 0 0 0 0 
  
        
9:1:
H1
6 
Ha
pp
y 
H
u
m
  Male 
JA
CK 
95
.5 
4
.
5 
0 0 0 0 0 
  
        
3:1:
H2
9 
Ne
utr
al 
H
u
m
  Male 
JA
CK 
4.
8 
0 0 0 0 
90.
5 
4.
8 
  
        
1:1:
H3
2 
Sa
d 
H
u
m
  Male 
JA
CK 
0 
7
2
.
4 
0 3.4 
3.
4 
10.
3 
1
0.
3 
  
        
8:1:
H4 
Sa
d 
H
u
m
  Male 
JA
CK 
0 
7
2
.
7 
0 0 0 
27.
3 
0 
  
        
9:1:
H2
0 
Sa
d 
H
u
m
  Male 
JA
CK 
4.
5 
8
6
.
4 
4.
5 
0 
4.
5 
0 0 
  
        
1:2:
H1
2 
Sur
pri
se 
H
u
m
Male 
JA
CK 
          
    
  
1
7.
2 
79.
3 
0 
3.
4 
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1:2:
H8 
Sur
pri
se 
H
u
m
  
Male 
JA
CK 
          
    
  
7.
1 
71.
4 
7.1 
1
4.
3 
3:2:
H1
3 
Sur
pri
se 
H
u
m
  
Male 
JO
N 
          
    
  
1
3.
6 
72.
7 
4.5 
9.
1 
5:1:
H5
0 
Fe
ar 
H
u
m
  Male 
MA
RK 
0 0 0 0 
7
3.
9 
4.3 
2
1.
7 
5:2:H
3 
7
3.
9 
26.
1 
0 0 
3:1:
H9 
Ha
pp
y 
H
u
m
  Male 
MA
RK 
95
.5 
0 0 0 0 0 
4.
5 
  
        
9:1:
H2
4 
Ne
utr
al 
H
u
m
  Male 
MA
RK 
0 
1
4
.
3 
4.
8 
0 0 
71.
4 
9.
5 
  
        
3:2:
H1 
Sur
pri
se 
H
u
m
  
Male 
MA
RK 
          
    
  
1
4.
3 
85.
7 
0 0 
1:1:
H2 
An
gry 
H
u
m
  Male 
MI
KE 
0 0 
10
0 
0 0 0 0 
  
        
3:1:
H3
4 
An
gry 
H
u
m
  Male 
MI
KE 
0 
4
.
5 
86
.4 
0 0 4.5 
4.
5 
  
        
4:1:
H4
1 
An
gry 
H
u
m
  Male 
MI
KE 
0 0 
95
.5 
4.5 0 0 0 
  
        
7:1:
H3
6 
An
gry 
H
u
m
  Male 
MI
KE 
0 0 
10
0 
0 0 0 0 
  
        
3:1:
H4
0 
Dis
gu
ste
d 
H
u
m
  Male 
MI
KE 
0 0 
27
.3 
72.7 0 0 0 
  
        
4:1:
H2
2 
Dis
gu
ste
d 
H
u
m
  Male 
MI
KE 
0 0 
27
.3 
72.7 0 0 0 
  
        
3:1:
H4
2 
Fe
ar 
H
u
m
  Male 
MI
KE 
0 0 0 4.5 
7
2.
7 
4.5 
1
8.
2 
3:2:H
12 
7
2.
7 
27.
3 
0 0 
7:1:
H1
8 
Fe
ar 
H
u
m
  Male 
MI
KE 
0 0 
14
.3 
9.5 
7
1.
4 
0 
4.
8 
7:2:H
1 
7
2.
7 
18.
2 
0 
9.
1 
5:1:
H1
9 
Ha
pp
y 
H
u
m Male 
MI
KE 
95
.7 
4
.
3 
0 0 0 0 0 
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6:1:
H2
5 
Ha
pp
y 
H
u
m
  Male 
MI
KE 
10
0 
0 0 0 0 0 0 
  
        
9:1:
H1 
Ha
pp
y 
H
u
m
  Male 
MI
KE 
10
0 
0 0 0 0 0 0 
  
        
4:1:
H3
7 
Ne
utr
al 
H
u
m
  Male 
MI
KE 
9.
1 
0 0 0 
9.
1 
72.
7 
9.
1 
  
        
1:1:
H3
4 
Sa
d 
H
u
m
  Male 
MI
KE 
0 
7
2
.
4 
0 0 
6.
9 
6.9 
1
3.
8 
  
        
5:1:
H9 
Sa
d 
H
u
m
  Male 
MI
KE 
0 
7
8
.
3 
4.
3 
4.3 0 4.3 
8.
7 
  
        
6:1:
H1
4 
Sa
d 
H
u
m
  Male 
MI
KE 
0 
7
6
.
9 
0 0 
7.
7 
11.
5 
3.
8 
  
        
8:1:
H2
1 
Sa
d 
H
u
m
  Male 
MI
KE 
0 
7
2
.
7 
0 0 0 
18.
2 
9.
1 
  
        
1:2:
H3 
Sur
pri
se 
H
u
m
  
Male 
MI
KE 
          
    
  
1
7.
2 
79.
3 
0 
3.
4 
3:2:
H1
0 
Sur
pri
se 
H
u
m
  
Male 
MI
KE 
          
    
  
1
3.
6 
86.
4 
0 0 
5:1:
H2 
An
gry 
H
u
m
  Male 
PA
UL 
0 0 
95
.5 
4.5 0 0 0 
  
        
6:1:
H5 
An
gry 
H
u
m
  Male 
PA
UL 
3.
8 
7
.
7 
73
.1 
7.7 0 0 
7.
7 
  
        
6:1:
H1
1 
Dis
gu
ste
d 
H
u
m
  Male 
PA
UL 
0 0 4 92 0 0 4 
  
        
1:1:
H1
8 
Ha
pp
y 
H
u
m
  Male 
PA
UL 
10
0 
0 0 0 0 0 0 
  
        
4:1:
H4
9 
Ha
pp
y 
H
u
m
  Male 
PA
UL 
95
.5 
0 0 0 0 4.5 0 
  
        
7:1:
H3
8 
Ne
utr
al 
H
u
m Male 
PA
UL 
4.
5 
0 0 0 0 
77.
3 
1
8.
2   
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3:1:
H2 
Sa
d 
H
u
m
  Male 
PA
UL 
0 
9
5
.
5 
0 0 0 0 
4.
5 
  
        
9:2:
H1 
Sur
pri
se 
H
u
m
  
Male 
PA
UL 
          
    
  
9.
1 
86.
4 
0 
4.
5 
8:1:
H3
3 
Fe
ar 
H
u
m
  Male 
SA
M 
0 0 0 4.5 
7
2.
7 
13.
6 
9.
1 
8:2:H
6 
7
2.
7 
18.
2 
0 
9.
1 
9:1:
H9 
Fe
ar 
H
u
m
  Male 
SA
M 
0 
4
.
5 
9.
1 
9.1 
7
2.
7 
0 
4.
5 
9:2:H
7 
8
1.
8 
9.1 0 
9.
1 
8:1:
H8 
Ha
pp
y 
H
u
m
  Male 
SA
M 
86
.4 
0 0 4.5 0 9.1 0 
  
        
9:1:
H2
9 
Ha
pp
y 
H
u
m
  Male 
SA
M 
95
.5 
0 0 0 0 4.5 0 
  
        
3:2:
H5 
Sur
pri
se 
H
u
m
  
Male 
SA
M 
          
    
  
9.
1 
90.
9 
0 0 
4:2:
H1
0 
Sur
pri
se 
H
u
m
  
Male 
SA
M 
          
    
  
1
3.
6 
72.
7 
4.5 
9.
1 
2:1:
H4
4 
An
gry 
H
u
m
  Male 
SA
M  
0 0 
10
0 
0 0 0 0 
  
        
4:1:
H3
5 
An
gry 
H
u
m
  Male 
SA
M  
0 0 
72
.7 
18.2 0 4.5 
4.
5 
  
        
8:1:
H1
8 
An
gry 
H
u
m
  Male 
SA
M  
0 
4
.
5 
72
.7 
9.1 0 
13.
6 
0 
  
        
1:1:
H3
8 
Dis
gu
ste
d 
H
u
m
  Male 
SA
M  
0 
2
4
.
1 
3.
4 
72.4 0 0 0 
  
        
2:1:
H1
2 
Dis
gu
ste
d 
H
u
m
  Male 
SA
M  
0 0 
12
.5 
75 0 0 
1
2.
5 
  
        
4:1:
H3
8 
Ne
utr
al 
H
u
m
  Male 
SA
M  
0 
9
.
1 
4.
5 
0 0 
81.
8 
4.
5 
  
        
7:1:
H4
3 
Sa
d 
H
u
m Male 
SA
M  
0 
8
1
.
0 4.5 0 4.5 
9.
1 
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  8 
6:1:
H2
8 
Ha
pp
y 
H
u
m
  Male 
SA
M   
10
0 
0 0 0 0 0 0 
  
        
4:1:
H3
1 
Sa
d 
H
u
m
  Male 
SA
M   
0 
7
2
.
7 
9.
1 
4.5 0 9.1 
4.
5 
  
        
2:1:
H4
3 
Ha
pp
y 
H
u
m
  Male 
ST
EF
AN 
10
0 
0 0 0 0 0 0 
  
        
4:1:
H1
4 
Ha
pp
y 
H
u
m
  Male 
ST
EF
AN 
10
0 
0 0 0 0 0 0 
  
        
9:1:
H4
0 
Ne
utr
al 
H
u
m
  Male 
ST
EF
AN 
0 
4
.
5 
0 0 
4.
5 
81.
8 
9.
1 
  
        
2:1:
H4
0 
Sa
d 
H
u
m
  Male 
ST
EF
AN 
0 
9
5
.
8 
0 4.2 0 0 0 
  
        
4:2:
H1 
Sur
pri
se 
H
u
m
  
Male 
ST
EF
AN 
          
    
  
2
7.
3 
72.
7 
0 0 
5:2:
H1
1 
Sur
pri
se 
H
u
m
  
Male 
ST
EF
AN 
          
    
  
8.
7 
91.
3 
0 0 
9:2:
H1
5 
Sur
pri
se 
H
u
m
  
Male 
ST
EF
AN 
          
    
  
4.
8 
95.
2 
0 0 
2:1:
H3
8 
Ha
pp
y 
H
u
m
  Male 
ST
U 
87
.5 
0 0 0 
4.
2 
4.2 
4.
5 
  
        
7:2:
H4 
Sur
pri
se 
H
u
m
  
Male 
ST
U 
          
    
  
4.
5 
90.
9 
0 
4.
5 
8:2:
H1
2 
Sur
pri
se 
H
u
m
  
Male 
ST
U 
          
    
  
1
8.
2 
81.
8 
0 0 
1:1:
H4
5 
Ha
pp
y 
H
u
m
  Male 
TR
EV 
93
.1 
0 0 0 0 3.4 
3.
4 
  
        
4:1:
H1
7 
Ha
pp
y 
H
u
m
  Male 
TR
EV 
95
.5 
0 0 0 0 0 
4.
5 
  
        
 
  
Appendices 
370 
 
Appendix 2: BARTA pre-post test answers 
 
Local test – Version A 
QUESTION PAGE FACE GENDER EMOTION 
CONTROL 
1 3 HUMAN MALE CONTROL 
CONTROL 
2 3 HUMAN MALE CONTROL 
CONTROL 
3 4 HUMAN FEMALE CONTROL 
CONTROL 
4 4 HUMAN FEMALE CONTROL 
1 5 HUMAN MALE AFRAID 
2 5 HUMAN MALE SURPRISED 
3 6 HUMAN FEMALE SURPRISED 
4 6 HUMAN FEMALE HAPPY 
5 7 HUMAN MALE SURPRISED 
6 7 HUMAN MALE AFRAID 
7 8 HUMAN MALE DISGUSTED 
8 8 HUMAN FEMALE AFRAID 
9 9 HUMAN FEMALE AFRAID 
10 9 HUMAN FEMALE DISGUSTED 
11 10 HUMAN MALE ANGRY 
12 10 HUMAN FEMALE SURPRISED 
13 11 HUMAN FEMALE SAD 
14 11 HUMAN FEMALE HAPPY 
15 12 HUMAN MALE HAPPY 
16 12 HUMAN MALE ANGRY 
17 13 HUMAN MALE SAD 
18 13 HUMAN MALE SAD 
19 14 HUMAN MALE HAPPY 
20 14 HUMAN FEMALE ANGRY 
21 15 HUMAN FEMALE DISGUSTED 
22 15 HUMAN FEMALE ANGRY 
23 16 HUMAN MALE DISGUSTED 
24 16 HUMAN FEMALE SAD 
CONTROL 
5 18 EMOTICON FEMALE CONTROL 
CONTROL 
6 18 EMOTICON MALE CONTROL 
CONTROL 
7 19 EMOTICON MALE CONTROL 
CONTROL 
8 19 EMOTICON FEMALE CONTROL 
25 20 EMOTICON MALE AFRAID 
26 20 EMOTICON FEMALE AFRAID 
27 21 EMOTICON MALE ANGRY 
28 21 EMOTICON MALE HAPPY 
29 22 EMOTICON FEMALE ANGRY 
30 22 EMOTICON FEMALE HAPPY 
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31 23 EMOTICON FEMALE SURPRISED 
32 23 EMOTICON FEMALE SAD 
33 24 EMOTICON MALE SURPRISED 
34 24 EMOTICON FEMALE SURPRISED 
35 25 EMOTICON FEMALE HAPPY 
36 25 EMOTICON MALE ANGRY 
37 26 EMOTICON FEMALE SAD 
38 26 EMOTICON MALE SURPRISED 
39 27 EMOTICON FEMALE SAD 
40 27 EMOTICON MALE HAPPY 
41 28 EMOTICON MALE SAD 
42 28 EMOTICON FEMALE ANGRY 
43 29 EMOTICON FEMALE AFRAID 
44 29 EMOTICON MALE AFRAID 
CONTROL 
9 31 CGC FEMALE CONTROL 
CONTROL 
10 31 CGC FEMALE CONTROL 
CONTROL 
11 32 CGC MALE CONTROL 
CONTROL 
12 32 CGC MALE CONTROL 
45 33 CGC FEMALE AFRAID 
46 33 CGC FEMALE SURPRISED 
47 34 CGC FEMALE ANGRY 
48 34 CGC FEMALE HAPPY 
49 35 CGC FEMALE ANGRY 
50 35 CGC MALE HAPPY 
51 36 CGC FEMALE SURPRISED 
52 36 CGC FEMALE SAD 
53 37 CGC MALE SURPRISED 
54 37 CGC FEMALE DISGUSTED 
55 38 CGC FEMALE HAPPY 
56 38 CGC MALE ANGRY 
57 39 CGC FEMALE SAD 
58 39 CGC FEMALE AFRAID 
59 40 CGC FEMALE SAD 
60 40 CGC FEMALE DISGUSTED 
61 41 CGC MALE SAD 
62 41 CGC FEMALE ANGRY 
63 42 CGC FEMALE AFRAID 
64 42 CGC MALE DISGUSTED 
65 43 CGC FEMALE SURPRISED 
66 43 CGC FEMALE DISGUSTED 
67 44 CGC FEMALE HAPPY 
68 44 CGC MALE AFRAID 
 
Local test – Version B 
